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A G E N D A  

RSALOP Meeting -January 13,2000 
Broomfield City Building - Zang's Spur Conference Room 
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7:15 - 7130 
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7:45 - 8100 
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o Minutes correctionslapproval 
0 Sign-In 

Group Agreements 
Agenda Review 

Hank Stovall 

Facilitator 
Facilitator 

CO-CHAI R S UPDATES 
Owendoff Letter RE: NAS Review Hank Stovall 
Newspaper Coverage (Post Article/Letters to Editor) 

PROTOCOL & DECISION-MAKING Laura Till 

ACTINIDE MIGRATION STUDIES UPDATE 

COMMENTS TO TASK 5 REPORT & PANEL 
DISCUSSION 

TBD . 

John Till, RAC 

PUBLIC COMMENT 

BREAK 

- .. DRAFT FINAL ~ SUMMARY REPORT 
~ 

Kathleen Meyer, RAC 
- -  - - - _  - . -~ . .  

PRO J ECT DOC UM E NTATl 0 N John Till, RAC 

PUBLIC COMMENT 

ANNOUNCEMENTS 

FUTURE AGENDA ITEMS/ 
ACTION ITEMS 

Facilitator 

r 

UPCOMING PANEL MEETINGS 

February 10, March 15,2000: 4-8 P.M. - Broomfield City Bldg., One Descornbes Dr.; Zang's SpurBal Swan Conference Rooms (lower level) 
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M I N U T E S  

Radionuclide Soil Action Levels Oversight Panel 
January 13, 2000, 4:OO p.m. - 7:OO p.m. 

Broomfield City Building - Zang’s Spur/Bal Swan Conference Rooms 

NOTE: Minutes are presented in draff form and should not be quoted or distributed until receiving final 
approval by the Radionuclide Soil Action Level Oversight Panel at its February I O ,  2000 meeting. 

Hank Stovall, Co-Chair, convened the regular meeting of the Radionuclide Soil Action Level Oversight Panel 
(RSALOP or Panel) at 4:OO p.m. and opened with the introduction of the following attendees: 

Hank Stovall, City of Broomfield 
Ken Starr! Citizen 
Victor Holm, RFCAB 
Joe Goldfield, CCANW 
Kathy Schnoor, City of Broomfield 
Kathleen Meyer, RAC 
Bruce Dahm, City of Broomfield 
John Till, RAC 
Russell McCallister, DOElRFFO 
Laura Brooks, K-H 
Dave Shelton, K-H 

Mary Harlow, City of Westminster 
Laura Till, Facilitator 
Carla Sanda, AIMS1 
John Corsi, Kaiser-Hill 
Joel Selbin, UC-Boulder 
Ken Korkia, RFCAB 
Roman Kohler, RF Homesteaders 
Rick Roberts, RMRS 
Jeremy Karpatkin, DOElRFFO 
Todd Margulies, TM Consulting 

Niels Schonbeck, MSCD 
Brady Wilson, RFCAB Staff 
Carol Lyons, City of Arvada 
Steve Gunderson, CDPHE 
Gerald DePoorter, RFCAB 
LeRoy Moore, RMPJC 
John Marler, RFCLOG 
Edd Kray, CDPHE 
Bob Nininger, Kaiser-Hill 
Tim Rehder, US EPA 

MINUTES REVlEWlAPPROVAL 

Minutes of the December 9, 1999 Panel meeting were reviewed and approved as printed. 

AGENDA REVIEW 

Laura Till reviewed the Agenda as well as the Group Agreements. Project Documentation scheduled from 7:15- 
7:30 was removed from the agenda, since that topic will be covered earlier in the meeting. 

CO-CHAIRS UPDATES 

b as discussed and approved at the December meeting, the Steering Committee drafted a letter to James 
Owendoff, Principal-Deputy Assistant Secretary of Energy - EM2,.regarding the request from DOE-RFFO for 
a National Academy of Science (NAS) review of this project. The Cities of Arvada; Broomfield and- - - - 

Minutes - January 13, 2000 Radionuclide Soil Action Level Oversight Panel Meeting 
Prepared and Submifted by: Carla Sanda, AIMS1 

Westminster wrote letters regarding the potential study. Copies of those letters were on the information table. 
Mr. Stovall said that the City of Broomfield letter basically stated that an NAS review at this time is untimely 
and unnecessary, and will potentially lead to a delay in the cleanup schedule with added costs. The 
Broomfield letter further states that if DOE supports and requests an NAS review, then all soil remediation 
and any other remediation activities which apply to the interim soil action levels should be halted immediately 
at Rocky Flats until the NAS has made its determination and an appropriate remediation level has been 
reviewed and agreed to by regulators, state and local governments, and community stakeholders. Mary 
Harlow added that in 1997 the City of Westminster actually drafted a letter to the Secretary of Energy to 
request an NAS review of the interim soil action levels, which supported a similar request from the RFCAB. 
No reply was received from DOE. Given the fact that this study is nearly complete, the City of Westminster 
does not support an NAS review. The City of Westminster contends that if the original request was 
supported, the DOE could have saved the $500,000 expended on the current independent review. The City 
of Westminster also echoed Broomfield’s opinion that if, in fact, a review is undertaken, all soil remediation 
efforts should be halted until the NAS review is complete and presents its findings. 
Copies of several recent local newspaper articles were available on the information table, including the Op-Ed 
piece written by the Panel’s Steering Committee. Mr. Stovall expressed his appreciation to LeRoy Moore for 
taking the lead on this initiative. 

I 

7 



PROTOCOL 8, DECISION-MAKING - Discussion Lead: Laura Til l 

Ms. Till stated that at the December meeting the Panel reached a point in the process where one panel member 
was blocking consensus. Although at the Panel’s first meeting it was agreed to go to a vote should consensus 
prove to be too frustrating on an individual item, no specific protocol was discussed and adopted for voting. Ms. 
Till provided a copy of the Decision-Making process used by the Rocky Flats Citizens Advisory Board for 
discussion to determine if this would be a good process for the RSALOP. Ms. Till also reflected that as the Panel 
nears the end of this process, anxiety levels may be a bit higher. It is important to acknowledge that and realize, 
that the next couple of months may be more difficult for some people, which could result in some level of 
frustration for the group as it moves toward making important decisions on the outcome of the study. Ms. Till also 
reminded the Panel that even though this project is nearing completion, it is important to remember that all 

I-. communication with RAC needs to go through the Co-Chairs. Apparently there has been some direct 
communication with RAC from one or more Panel members, without going through the Co-Chairs, and it has 
become problematic. Ms. Till also reminded Panel members that if they miss a meeting at which a decision was 
reached either by consensus or by voting, they should not ask the Panel to rehash that decision. Ms. Till urged 
the Panel to take responsibility for reading the minutes and proceeding according to what has already been 
resolved. 

Ms. Till then read the RFCAB decision-making process and opened the topic for discussion. Comments ranged 
from: problems that the RFCAB has had with initiating a super-majority vote, to some people feeling that no 
additional processes are needed, to others that believed the Panel should simply call for a vote if everyone has 
had time to speak but no decision can be reached by consensus. Ms. Till stated that although Panel members 
may not feel the need for a specific procedure, it is something that she as a facilitator needs to assure that 
decisions are reached with an equitable process. Some members stated that consensus in itself is problematic in 
that it can be blocked. Another Panel member reflected that it is important that every person be provided ample 
time to state his or her opinion, because it could be that only that one person is correct. Several other options for 
voting were also proposed by panel members. 

Ms. Till recapped the key points she heard the Panel express: 
we won’t have to use this option a lot - this would be a backup tool; 
would like to fully understand a person’s objections before moving on; 
there should be some check for concerns before moving to a vote to assure that there has been enough 
discussion; 
afler that opportunity for discussion/debate has been provided, one way to check is to call for a vote. 

e 
Based upon the Panel’s input, Ms. Till made the following proposal: 

~ - - . -  ~- -. . - -  

I If a situation should occur wherebv one or more Panel members are blockina consensus. 
the facilitator would check in with the Panel to confirm that each member hears and 
understands the concerns voiced by the parties blocking consensus. Once it is agreed 
that all members fully understand the objections as raised, the Panel may move to a vote. 
Any Panel member or the facilitator can motion to move to a vote. Seventy-five percent 
(75%) of panel members present would serve as the majority, which means that if 75% of 
the Panel members present agreed to the motion it would be adopted. Nonetheless, the 
majority of the Panel would still try to understand the objections of the minority and 
address those concerns to whatever extent possible in the final proposal. The minority 
may submit a minority statement to explain his or her objection to the motion. 

The Panel reached consensus on the above recommendation 

Mary Harlow stated several observations, as follows: As we edge closer to the final outcome of the project, it 
becomes more important for all Panel members to work together and remain on the “same page”. This has been 
a good process with ample opportunity for input. There may be a tendency at this point to begin second-guessing 
RAC’s findings. This is not productive. Once a comment period has ended or a decision has been made, Panel 
members must abide by the process established. Another point to remember is that a highly qualified Peer 

utes - January 13, 2000 Radionuclide Soil Action Level Oversight Panel Meeting 
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Review Team has provided input to all key tasks. Ms. Harlow urged Panel members to support the established 
process and ensure that the final outcome represents an effort that the Panel as a whole can be proud of, Ms. 
Harlow added that it would be a disappointment to see minority reports generated after this review is complete. 

ACTINIDE MIGRATION STUDIES UPDATE - Discussion Lead: Mary Harlow 

Ms. Harlow congratulated DOE and Kaiser-Hill for the excellent ongoing work of the actinide migration studies 
program. It has been very beneficial to the community, and she urged that the funding be continued. Much of 
the actinide migration studies work ties in with the work of the RSALOP. At Monday’s meeting, Dr. Jeff Meyers, 
Morrison-Knudsen, presented some of his latest findings. Dr. Meyers has authored a book dealing with statistics 
of actinide migration. His presentation dealt with statistical analysis of actinide migration and krieging methods 
and provided excellent maps that depicted particular areas of contamination at the site.. The Co-Chairs attempted 
to have a speaker from the program present the latest findings at this evening’s meeting. However, since the 
material is still in draft form, site officials are concerned that information could be interpreted as final data. It is 
anticipated that the documents should be finalized in the near future, and we will plan to have a speaker at the 
February meeting. Hank Stovall clarified that in a discussion this evening with Jeremy Karpatkin, Mr. Karpatkin 
indicated that the site would provide a preliminary map for discussion, followed by a fi’nal map when it is 
completed. 

COMMENTS TO TASK 5 REPORT 8, PANEL DISCUSSION - Discussion Lead: Dr. John Till, Risk 
Assessment Corporation 

i- 

Prior to John Till’s presentation, Hank Stovall advised the Panel that the Steering Committee met with John Till on 
Wednesday, January 12, to clarify several issues. One of the points of discussion focused on how RAC would 
present its findings of the technical review. There was some confusion on this topic; e.g., some individuals 
believed that RAC would provide a curve reflecting a range of values, with the Panel making an ultimate 
recommendation based upon the information provided. Other individuals believed that RAC would come up with 
the best technical estimate with qualifiers of what a specific SAL should be. Members of the Steering Committee 
instructed RAC to provide a specific numeric recommendation with any necessary qualifiers. 

The potential NAS review was also discussed. In addition to RAC, members of the Panel may also be involved in 
a review. However, at this point it is not clear if, in fact, an NAS review will take place. 

The Steering Committee also talked to John about providing a presentation to the Rocky Flats Coalition of Local 
Governments (comprised of representatives from Boulder -&  Jefferson counties, and the cities of Broomfield, 
Boulder, Superior, Arvada and Westminster). That presentation will be funded by RFCLOG. 

The Steering Committee also discussed the need to reschedule the March Panel Meeting and Public Meeting, 
which-was originally scheduled for March 15 and 16. Mr. Stovall asked Panel members to review their calendars - 

~ 

~ 

- -  _ _  - - _ - _  - .  _ _  - for discussion later in the meeting. - - _  

Dr. Till began his discussion by briefing the Panel on a conference call held earlier between himself and members 
of the Steering Committee to discuss his request for a schedule change for the review of disposition of comments 
to the Draft Task 5 report. Due to the excellent comments received on this report, Dr Till asked that RAC be 
allowed to continue to address and implement those comments, return to this meeting with responses, and then 
ask the Panel to review and provide feedback on RAC’s disposition of those comments. This would result in no 
delay of the project or final summary report, so the Steering Committee agreed to that minor change. As a result, 
copies of RAC’s responses to the Task 5 Comments were distributed to the Panel for review and feedback, Dr 
Till urged the Panel to take a careful look at the report. More than in any other report, RAC has tried to explain 
why they did or did not agree with the input and described the approach that would be taken The comments 
were incredibly good. However, due to the tone of some of the comments from Reviewer C, RAC has decided to 
write a letter to clarify its concerns with the tone and apparent bias reflected in this reviewer’s input 

Dr. Till briefly discussed the draft summary report. This report was not a contract deliverable, but RAC and the 
Panel felt it was important to provide a wrap-up to this effort. RAC’s intention IS to work closely with the Panel 
and Steering Committee over the next month to assure that the summary report is the type of document that the 
Panel would like to see. RAC is willing to work up until the very last day possible to ensure that the summary 
report will be a stand-alone document. 

utes - January 13, 2000 Radionuclide Soil Action Level Oversight Panel Meeting 
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Dr. Till expressed his disappointment in seeing numbers in the press that were stressed - all the way through this 
project - as “preliminary” or “draft”. It was clearly stated that the levels discussed were only preliminary. It is 
discouraging to see the number quoted in the paper as a recommendation “fixed in concrete”. Dr. Till stressed 
that he has been totally supportive of an open, public process. In nearly ten studies conducted ill an open, public 
manner, he has never seen data misused like it has been here. This is part of the risk one takes when distributing 
something as “draft”. Please keep in mind that any specifics discussed at this meeting is subject to  change. 

Dr. Till stated that he had written a letter to the Panel Co-Chairs regarding a potential NAS review. RAC is totally 
supportive of a review, and he believes that an Academy review would only portray this study in a stronger light. 
However, the downside of a review is the time that it would take. Copies of the letter were available on the 
information table. 

”\ Dr. Till reflected that at the December meeting he had expressed concerns with recommending or proposing a 
specific number. His primary concern was based upon uncertainties and the lack of data surrounding the incident 
of a fire. In addition, there are many things that must be considered that could not and was not included in’this 
study, Therefore, before all parties agree upon any final number, those factors must be taken into consideration. 
After the meeting with the Steering Committee yesterday, however, Dr. Till recognizes the dilemma it may pose to 
the Panel if a specific number is not provided as a starting point for discussions. As a result, RAC will provide a 
specific value accompanied by qualifiers that discuss the strengths and weakness of that value. Whatever RAC 
provides will be a value for a SAL that is based on the best science available at this point in time. 

Dr. Till provided a brief recap of each of the project’s tasks and then moved into a discussion of several 
comments received from the Peer Review Team and Panel members. Much was learned from the ideas 
received. In the summary report, RAC is covering in detail a layout of the design guidelines. Many people stated 
that one really ought to take into account the subject of risk, or that we really shouldn’t deal with a 15 mR/year 
dose limit when that level was intended to be calculated over a lifetime. These were not options that were 
available to RAC due to the guidance provided by the Panel. 

Dr. Till focused on one comment dealing with a fire scenario. He reminded the Panel that it was assumed that the 
fire occurred with a probability of one. One reviewer said “ _ . _ I  would prefer an approach where the probability’of a 
fire ... is simply built into the probability distribution of the resuspension factor., . ”  RAC agrees with this comment 
and is working to implement it. RAC plans to assess the impact of the fire for each scenario and will include the 
probability of the fire occurring in any year in the calculation. Dr. Till illustrated the changes this would have by 
using a chart that was included in the handout materials. Dr. George Killough, a RAC team member, has gone to 
an Internet site that has data on fires in several western parks. The data began in 1936 and documents the size 
and cause of a fire. Based upon that information, he was able to develop a probability distribution for a fire 
occurring. That information will be part of the final report. 

Dr. T i l l  went on to  remind the-Panel that RAC is still:limited toAhe<scop.e.=of a-year; Le., the ill not account for 
any revegetation during a single year. In addition, RAC will not assess the impact of the b u  
though admittedly such an occurrence could have an impact. In addition, he stressed the need for additional 
research on the fire in order to have a more realistic calculation. More aspects of the fire situation need to be 
considered that are outside the scope of work. 

~~. - =~ = 

ofttWactinides,- -- - - ~ ~ 

Another reviewer stated concerns regarding lifetime risk: “...the risk criterion set forth in the National Contingency 
Plan (NCP) for carcinogens provides the regulatory policy basis for the 15 mR/y dose criterion used in this report 
for many of the scenarios. This risk criterion is specified as lifetime risk (40 CFR 300,43O(e)(Z)(I)(A)). 
The relevant time frame for consideration of an annual 15 mR dose is therefore a full lifetime.” Dr. Till stated that 
more than one reviewer voiced a concern regarding the lack of application of lifetime risk. However, he reminded 
the Panel that the criteria provided to RAC at the outset of this project involved annual dose limits, not lifetime 
risk. Nonetheless, RAC does see the value of this calculation and will calculate RSALs based on the maximum 
lifetime risk criterion of to I 0-4 and will compare these, for a few scenarios, to their 15 mR/year counterparts. 

to 

One comment that will not be implemented deals with tables in the report and comparison of results, as follows: 
“Please provide tables that compare the RAC scenarios with the DOE scenarios with and without fire so that a 
reader can easily look at the data and note the differences.” “Why not use their sum-of-ratios numbers - that is, 
651 rather than 1,429, and 115 rather than 252?” [for comparison] Dr. Till followed up by saying that the former 
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DOE/EPA/CDPHE sum-of-ratios results and the new results presented by RAC should not be directly compared 
for several reasons: (1) The two sets of calculations were performed with different dose conversion factors and 
different resuspension models and data, among other things; (2) In the DOE calculation, the principal pathway 
was inhalation; in the corresponding RAC estimate, the principal pathway was ingestion; (3) The DOE calculation 
was deterministic, whereas the RAC numbers represent the 90th percentile of a stochastic simulation; and (4) 
Final distributions will illustrate significant differences between the DOE calculation and RAC’s calculation. 

Dr. Till continued to discuss several other comments, which are detailed in the handout materials. One comment 
in particular dealt with the preliminary estimate of 10 pCi/g saying that it is economically infeasible and perhaps 
technologically impossible. Dr. Till reminded the Panel that the value of 10 pCi/g was a preliminary calculation 
only. RAC did not account for all of the considerations in the example, but it will be quite important for the Panel 
to give weight to each of them as a final RSAL is decided upon. In addition, the enhancements in the fire 
calculation will make that calculation more applicable and less conservative. 

Dr. Till reminded the Panel that at this point in the study. they are “getting down to the wire”, so to speak. It is 
good to receive comments, but for the most part it will not be possible to take a lot of different things into account 

. at this point. Dr. Till went on to stress that it is almost certain that every member of the Panel will not be happy 
with the results. However, that is not the intent of the study. The intent of the study is to condiict a credible, 
thorough review of the RSALs to arrive at the most scientific, technically accurate recommendation possible with 
the information available today. RAC must be able to defend its work and make sure it is technically credible. 

e 
- I .  

Panel Discussion 

Tim Relider asked Whether or not RAC plans to compare the sum of ratio values wifh tlie sum of ratio values. To 
clarify, he went on to say that in tlie draft report RAC compared the values that were calculated assuming that 
arnericiuin and other radionuclides were present and compared it to .numbers gerlerated earlier where only 
plutonium was present. 

Kathleen Meyer indicated that the original approach was in error, and this was discussed at an earlier 
meeting. 

Joel Selbiri stated that instead of wondering about a fire in the first year or a fire in tlie first f/JOlISa17d years, to be 
sure the plutonium levels are dropping. But are the levels droppirig anywhere as fast as the probability of no fire? 
In other words, when does the probability of a fire become one. We agreed that it seems feasible in a thousand 
years, but could it be 100 years or 50 years? It seems that we must look at some data to arrive at reasonable 
answers. 

Dr.. Till responded that lie understands the point and quite honestly that was his feeling and position very 
strongly in some disciissions with another team member about including the probability of a fire. However, he 
has been convinced otherwise -- that it is fair and right to include this probability Curve for the fire rather than 
assuming it is going to happen with a probability of 1. The effect of weathering of plutonium on the terrain 

= -  ~-~ ~ ~~~ ~ . makes .~ ~ no difference whatsoever. That is not being taken into account to justify the probability of a fire. 
Howeve[ -he stili feels quite Wongly about a-probability level of=.--IO%, _which is alrather low 
overall. We all know that if a fire occurs, it likely won’t occur more than once or twice in- 
remember that we are still dealing with a margin of safety to make certain that we are not giving a person a 15 
mR dose every year. The fact is that over time the probability of a fire is 1 - we must keep that in account. 
Therefore, if it happens once in a lifetime, we are designing this so that the dose is not exceeded. 

Victor Holm reminded the Panel that although we often talk about the half-life of plutonium, at least when one is 
talking about exposure on the surface soil, that it is not really a relevant number due to the Kd. Although we really 
don‘t fully understand the mechanism, something is causing a mixing of the soil at the site in the top 20 
centimeters. Whatever it is, it likely will continue until there is a relatively homogeneous mixture in that top 20 
centimeters. 

Or. Till reminded Mr. Holm that RAC had come up with a weathering half-life of something like 7% in a 
hundred years. But the point is that over the next 100 years, the concentrations really won’t appreciably 
decrease. When looking at 1,000 years, there will be a difference. This study is really being designed to 
address situations over the next 100 years or so. 

Joe Goldfield apologized to Dr. Till for writing a Letter to the Editor of the Denver Post that quoted the IO pCi/g 
level that was discussed at an earlier meeting. He realizes now that he should have made it clear that it was only 
a tentative number, but he was trying to answer what he considered to be an outrageous editorial in the Denver 
Post that represented a strong aftack on this project. Mr. Goldfield went on to describe and quote from the earlier 
editorial and expressed his outrage at its contents. 

e 
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The facilitator reminded Mr. Goldfield o f  the Panelk agreements to ilot attack agencies 01- individuals. 
Dr. Till thanked Mr. Goldfield for h is  concern but quickly noted that nobody owed him an apology. He siinply 
expressed his disappointment tliaf the preliininary findings had been so qirickly quoted when there is still a 
great deal of work to be completed. 

@ !CTION ITEMS: 
Comments on RAC’s disposition of the comments to the Task 5 Report are due to Carla Sanda by 
COB Thursday, January 20, 2000. 

PUBLIC COMMENT 

John Marler, RFCLOG, commented that one of the things that really complicates this issue is the difficulty of 
comparing the numbers from a deterministic viewpoint to a probabilistic viewpoint. Although we talk about the 

without thinking where those numbers came from. Hopefully in the future we can arrive at a method that makes it 
easier to compare numbers. 

\ need for qualifiers and explanations, it is very easy for all us and definitely the public to fixate on actual values 

BREAK 

DRAFT FINAL SUMMARY REPORT - Discussion Lead: Dr. Kathleen Mever, Risk Assessment Corporation 

Dr. Meyer told the Panel that RAC had brought several bound copies of the Draft Final Task 6 report to tonight’s 
meeting. This bound copy is nearly identical to the copy distributed earlier. There are only a few editorial changes; 
otherwise it is the same. Bound copies were provided for those who did not receive copies earlier, In addition, 
the final summary report will contain, as attachments. copies of all the draft final technical reports. 

Dr. Meyer then briefed the Panel on the Project Summary Report: This report is designed to be a readable, 
concise overview of the project that is understandable to the general audience. Therefore, there is a limit to  the 
amount of detailed technical information. However, all the technical information will be contained in the 
attachments. Dr. Meyer briefly described the key segments of the document and explained that the goal is to 
tiave a stand-alone document that will describe the reason for the technical review, discuss each of the project’s 
tasks and report on the findings to the community. The report is designed to be less formal with sidebars 
highlighting key elements or quotations. RAC does emphasize that the final selection of an RSAL depends on 
consideration of many factors, including: institutional controls, effect of time, cost of cleanup, risks associated 
with cleanup and exposure to plutonium, public acceptance, and background levels of plutonium in the 
environment . 

Panel Discussion 
Joel Selbin commented that he believes it is important for RAC to stress one o f  the points covered in the design 
ObjeCtiVeS’ exposure scenarios should be realistic for the future andnot  be limited to those scenarios previously 

public to realize that we will have zero control over what people do in the future at that site. 

- ~- 

proposed. I t  is important to make that point “loud and clear” He believes thatrt kex6eme ly  im - ant for the’- - 
= = 

Mary Harlow said that she believes it is important to include information regarding the purpose for forming the 
Panel, Panel selection criteria, and report that the project has progressed according to schedule and within 
budget. This has been an unprecedented effort and i t  should be noted as such. 

Ken Starr commented that i t  is important to discuss any modifications to the code to be  sure that it is clear to 
future researchers. 

Joe Goldfield suggested that the Steering Committee consider writing a brief introductory piece that will describe 
efforts to form the Panel prior to selection of the technical contractor. Perhaps this should become a part o f  this 
summary report. 

Hank Stovall replied that Mary Harlowjust suggested that same thing, and he agrees that there should be a 
brief introductory section regarding panel formation and perhaps bios o f  the Panel to provide a historical 
perspective to this project. 
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Carla Sanda inserfed that much of that information, including the brief bios, is included in the first fact sheet 
p&/ished for this project. The Panel may want to include the fact sheets that were generated and discuss their 
distribution in the public involvement section. 

Todd Margiilies suggested that it may be prudent to iilclude a section that discusses some of the things that RAC 
wishes could have been dolie in this study arid the types of things that should be considered for future efforts. He 
flirther described a section that would discuss certain key elements that perhaps could not be addressed due to 
time consirair~ts, birdget, or other constraining issues. 

Or. Till responded that they had considered doing this and will definitely included a condensed version of this 
in the final sun~inary repod. 

Joel Selbin reflected that the cost of cleanup is always a big discussion - but nobody every discusses the 
potential cost of no cleanup. It is impodant to present somewhere, somehow the cost of not cleaning up. Yes, it 
will cost money to clean up to whatever level is recommended, but let's consider the cost of not doing it. Y . 

Kathleen Meyer agreed - and the cost of doing it aiJd redoing it is also a consideration. 

. Victor Holm said that it is important for RAC to discuss the importance of obtaining additional information on 
potential fires: but he does not believe it is RAC's position or within the scope of this work to determine the cost of 
either cleaning it up or not cleaning it up. If the Panel is not ready to take on this task, others will be ready for the 
task. Those are really community values that shoiild be recommended by the Panel, who represents the 
community. 

Hank Stovall mentioned that earlier this evening ~ I J  discussions with €PA, he learned that they are hiring a 
consultant to come up with a cost analysis keyed to various clean-up levels. That is a tool that may be available 
to LIS. 

Ken Starr agreed with the premise that Joel Selbin was making regarding the cost 'of not cleaning up, but 
cautioned the Panel that this would be a very labor-intensive, time-consuming effort, However, there may be 
some ways to approach it generically; ;.e.: loss of life, etc. This would be quite difficult to quantify. 

Mary Harlow agreed with Victor Holm's comments regarding community values. That is another item's that must 
be included it7 the process to select an RSAL. 

LeRoy Moore emphasized that the SALS are calculated on an approach to human health; i.e., 15 mR/year dose to 
the maximally exposed individual in a realistic scenario. That really needs to be strongly emphasized as the basis 

. for calculating the SAL. All other factors are secondary to that factor. If we are going to meet that 15 mR/year, 
then this is what it takes to do it according to the best information available at the present time. 

Kathleen Meyer agreed a/Jd said that would be clearly stated up front. 
_ - _ _  

John=Till asked the Panel to really roll up their sleeves and help RAC with-this report In ofher words, don't merely 
say you didn't do this or that - or you should write something like this. If you ha@ an idea or see something that = 

is missing, jot it down and forward it on. Please provide specific ideas and information. 

ACTION ITEMS: 
.I Comments on the draft final summary report are due to Carla Sanda by COB Thursday, January 

20, 2000. Members of the Steering Committee will continue to work with RAC until the report is 
finalized. Email: c m 
Dates for the final panel meeting and public meeting have now been changed to: Panel Meeting, 
Wednesday, March 22, 2000 from 4-7 p.m. (No technical discussion will be held prior to the panel 
meeting.) Public Meeting: Thursday, March 23, 2000 - 7-9 p.m. 
Victor Holm will serve as a clearinghouse for questions and/or comments related to the Peer 
Review Comments to Task 5. Please provide comments to Carla Sanda no later than COB 

I 

- - 

I 

.I 

J 

January 20, 2000. Email:  

iriutes - January 13, 2000 Radionuclide Soil Action Level Oversight Panel Meeting e Prepared and Submitted by: Carla Sanda, AIMS1 
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PUBLIC COMMENT 

None 

ANNOUNCEMENTS 

Victor Holm said that at some point he would like to see a computer program that would be more useable to a 
person with limited computer literacy. The current program (PERL) completely meets the criteria that were set for 
RAC, and RAC has not responsibility to take this any further. Mr. Holm is going to suggest at the next RFCAB 
meeting that the CAB form an ad hoc committee to investigate whether or not they should proceed with 
modification of the program to make it more user friendly more like RESRAD. If any member of the Panel would 
like to be a part of that ad hoc committee, please contact Mr. Holm. He is suggesting that the CAB be the vehicle 
for this effort since the Panel will likely not be continuing its work after conclusion of this project. 

LeRoy Moore asked Carla Sanda to email absent panel members the deadlines associated with responses to the 
final draft summary and peer review comments. Ms. Sanda concurred by saying that she would email those 
panel members who were not present at this evening's meeting and would mail the materials to them by COB 
Friday. January 14, 2000. 

Hank Stovall asked the Panel to evaluate whether or not the draft summary report could serve as the primary 
vehicle for transmitting the findings, and consider whether or not we may want to also include a two-page 
executive summary. These items would then be transmitted with a cover letter from the Panel. In addition, a 
press release will be developed. 

FUTURE AGENDA ITEMS 

Actinide Migration Panel Update 

MEETING WAS ADJOURNED AT 7:OO P.M. 

Upcoming Meetings & Activities 

All future meetings will be held at the Broomfield City Building, One Descombes Dr., Broomfield, CO - Zang's Spur/Bal 
Swan Conference Rooms, on the following dates: February 10, and, -Ma_rch 22, 2000- 

The previously-elected Steering Committee, made up of: Mary Harlow, Hank Stovall, Leroy Moore and Lisa Morzel 
routinely meets each Monday prior to the regularly scheduled meeting to plan the agenda. Panel members may attend 

this meeting To confirm meeting date, time and place, please contact Carla Sanda at 303-277-0753. 

- ~ 

- - -  - -~ 
_ _ ~  ~ - 

- -  ~- - 

utes - January 13, 2000 Radionuclide Soil Action Level Oversight Panel Meeting 
pared and Submitted by: Carla Sanda, AIMS1 
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RSAL OP Steering Committee Meeting with John Till 
January 12,2000 

Attendees: Hank Stovall, Mary Harlow, LeRoy Moore (via telephone), 
Carla Sanda, John Till 

0 Project Documentation 
- Expectation: At project conclusion RAC will provide a tool andlor methodology that 

PERL code and surrounding questions 
-can be used, tested, and/or replicated by technical members of the community 

- 
Discussion: Yes, RAC will provide a computer program that-can be used by a technical person familiar with 
these types of analytical tools. However, it will not be a packaged, slick, menu-driven program similar to 
commercially available programs It will be a program that can be used, but may require additional computer 
tools to fully support everything that has been done here. In regard to suggestions for further evaluation of the 
computer program and potential work on the PERL code, this is outside the scope of this contract and will not 
be addressed by the Panel or RAC. 

0 Final Recommendations 
- What is RAC’s bottom-line recommendation? 

Specific number wlqualifiers or range - 
- Specific recommendation to agencies? 

Discussion: Till said that one of the reasons that RAC did not want to make a “recommendation”, per se, is 
that there are other things that must be taken into account; i.e., cost. They are also concerned about a 
recommendation that may become fixed in concrete. LeRoy Moore suggested to John that if the 15 mR dose 
is going to be met, we need to know what number it will take to assure that an individual will never exceed the 

= -- 15 mR dose. Till responded that he understands that but is worried about use of the 10% probability factor 
and the potential that whatever numberts recommended maybecome final without considering future ~ 

information or further studies to close data gaps that currently exist. Both Stovall and Harlow concurred, but 
said that a definite number is needed with any qualifiers that may exist, e.g., the 10% probability factor that 
was used, factors surrounding a potential fire, costs, and any other qualifiers that may be pertinent. All 
members of the Steering Committee agreed that a given number is essential to complete the study not only to 
compare it to earlier recommendations, but also to serve as a starting point for discussions with the regulators 
regarding a specific RSAL that will be protective of communities. It is also important to note that RAC has not 
been and will not be influenced by any Panel member regarding a specific recommendation. Their 
recommendation will be based purely upon the methodology and science used in this study and will not be 
influenced by any individual or group. 

~ 

0 National Academy of Science 

After some discussion regarding the roles of the Panel and RAC in a potential NAS review, it was agreed that 
although the Panel as a whole may not be involved in all aspects of the review, it will be important for the 
Panel to be available to explain the process and direction provided to RAC, and to continue to apply pressure 
for an open process with a level of public involvement similar to that in this technical review.’ 

- RAC vs Panel role in potential review 



0 Update from Actinide Migration Panel Studies 
Discussion: Recent information along with maps at this week’s Actinide Migration Panel meeting provided 
detailed information on contaminated areas at the site. Final maps are not yet available, but the Panel is 
attempting to have a brief presentation at this weeks Panel meeting. 

0 RFCLOG Presentation 
Discussion: The Rocky Flats Council of Local Governments is a group made up of representatives from 5 
cities and 2 counties. The Co-Chairs suggested that it would be beneficial for John to make a presentation to 
RFCLOG to update them on the project findings, preferably after issuance of the final report. RFCLOG will 
provide travel funds for John to come to Denver for the meeting. LeRoy Moore suggested that it may be good 
to make a joint educational presentation to RFCLOG and RFCAB. The Co-Chairs agreed that a purely 
educational presentation would be appropriate for both groups. 

0 Date for Final Panel & Public Meetings 
Discussion: Subsequent to the last Panelmeeting the Co-Chairs are facing a schedule conflict. As a result, 
the final Panel meeting and Public meeting need to be rescheduled. A tentative date of March 22 and 23 was 
selected and will be presented to the Panel at Thursday’s meeting. 

JOHN TILL DISCUSSION POINTS 
John Till asked that the Panel be briefed on today’s meeting. He also said that he is drafting a letter to the Co- 
Chairs regarding comments from Peer Reviewer C. John also expressed concern regarding Panel decision- 
making, i.e., if consensus cannot be reached in a timely manner what happens. The Co-Chairs shared his 
concerns and said that a presentation is scheduled for Thursday’s meeting to discuss how this will be handled 
at all future meetings. 

The draft summary report will be presented at Thursday’s meeting. We will ask for the panel and interested 
persons to have their comments in by Thursday, January 20. However, it would be helpful to have a small 
group of Panel members to work with FWC to finalize the document and decide upon the final format. The 
Steering Committee said they will serve in that capacity. John said that the final document will likely be worked 
on until the very last minute, and he is open to suggestions for the final format. The final summary will likely 
50 or so pages. It may be helpful to have a 1 or 2 page summary that can be distributed as a non-technical 
synopsis. Carla Sanda said that given the project budget, it would be helpful if RAC could provide a brief 
summary that could be excerpted. This would eliminate the need for preparation of a separate Update 
document similar to the two that have been produced to provide project status. Mary Harlow suggested that 
we may be able to ask RFCAB for assistance on this as well. 

@ 



Participants: 

Purpose: 

RSALOP STEERING COMMITTEE CONFERENCE CALL 
January 14, 2000 - 9:30 a.m. 

Westminster City Hall Public Works Conference Room 

Mary Harlow. Hank Stovall. LeRoy More, RSALOP Steering Committee 
Patti Bubar. Jim Fiore. DOE-HQ 

Follow-Up lo 12/17/99 Letter from RSALOP to James Owendoff regarding potential 
National Academy of Science (NAS) review of current soil action level study 

Mary Harlow: 

Jim Fiore: 

Mary Harlow: 

Jim Fiore: 

Hank Stovall: 

Jim Fiore: 

~ - -  

Hank Stovall: 

Jim Fiore: 

Mary Harlow: 

Patti Bubar: 

Expressed appreciation to Bubar & Fiore for scheduling time for call. Opened call by 
asking for an update on the status of the potential review. 

The Department has not kicked off or directed the NAS lo begin anything at this time but 
does want to keep that option available. The goal is to be sure that the Department 
understands what is in RAC’s final recommendation and to be sure they are comfortable 
with the recommendations and different assumptions that were made in the review. It is 
incumbent on DOE to be sure that they conduct a thorough evaluation so that they can 
explain any changes to the interim SALs to their management. In short, there is no 
active effort to begin an NAS review, but that may be something that is undertaken over 
the next couple of months. 

This week the Cities of Broomfield and Westminster have sent letters to Owendoff at 
DOE-HQ regarding the NAS review. The concern is that work will proceed under current 
SALs, and then at some future time we may have to go back and clean up the site again. 
Therefore. we believe that if an NAS review is undertaken, soil cleanup should be halted 
until the review is completed. We only want to clean up once. 

There are all types of reviews - some can be completed quicker than others. The intent 
is not to delay the process. There is no plan to significantly delay anything. I believe 
that stopping anything at this point is premature and unnecessary. 

Was DOE-HQ consulted before DOE-RFFO made the NAS request? 

Yes. We were consulted - not only on this issue, but HQ has looked to NAS for other 
issues This was not a localized idea 

In the past, have these studies been conducted in parallel with an ongoing effort or in 
series? In other words, conducting a study after one is completed can seriously impact 
schedules. Another concern here is that NAS reviews are a closed process. We have 
prided ourselves on an open process throughout this whole technical review. 

Again, we are not recommending anything that will significantly delay cleanup. In terms 
of the open process, there will be an open process that will involve the regulators, 
community and HQ when determining final numbers. There will be opportunities for 
review and input. Until we propose something that definitely delays things, for now let 
the process proceed and continue to finalize the report and we will continue our review of 
recommendations. 

- - - - - - 
- - - -  _.. - - -  -~ - -  

What is the timeline for a potential review? Our report will be completed by the end of 
March. Do you have any idea how long it will take for HQ to make a decision as to 
whether or not an NAS review will take place? 

We were under the assumption that the report would be issued to the Rocky Flats 
Citizens Advisory Board, who would then review and provide recommendations to HQ. 



Jim Fiore: 

Mary Harlow: 

LeRoy Moore: 

Jim Fiore: 

LeRoy Moore: 

Jim Fiore: 

Hank Stovall: 

Jim Fiore: 

Mary Harlow: 

n .' 

bureaucrat cut the funding. You might advise your people out here that they need to 
work with the community. 

OK 

Jim, our goal is to finish our work and present the findings to you and then work together 
to see if we can't come up with something that is protective of our communities. 
Hopefully we will be able to say that the process was fair and open, although everybody 
may not be happy with the outcome. 

In the event that an NAS review is requested, we expect DOE to ask NAS to also review 
the scientific work that went into setting the original SALs and not simply focus on the 
work that RAC has done. 

Right now I can't comment as to what NAS would do. I would be surprised if they 
wouldn't look at all the work that has been done. However, we do not want to dictate to 
them as to what they should do. 

I have two other issues. Number 1 : That is a concern of the public because we felt that 
the original work was not well done and was not adequately documented and explained 
to the public, and we won't forget that concern. 

Number 2: We feel strongly that a robust public participation process similar to what we 
have had over the past year is something that should be a part of any future review. It 
would be quite appropriate, in fact, to expect the RSALOP to continue to work closely 
with any scientific review team from NAS or other agencies. We realize that if DOE 
invites NAS to conduct a review, DOE will define the review and public participation 
process. We will be watching these two points closely. 

At this stage I cannot comment as to exactly what the public participation process may 
be. Clearly, before any final SALs are established, there will be ample opportunity for 
the public to review information provided by the Panel, NAS and others. I cannot 
comment today as to how NAS typically conducts a review, but before any final 
decisions are made upon the recommendations there will be a vigorous public 
participation process. 

When this group organized we set up an aggressive schedule. We have only extended 
the 12-month contract by three months, but have stayed within the original budget. The 
concern we have in the community is that while this group has taken a very aggressive 
approach, we know how long this may take. If it takes more than two years to complete, 
you can see how that puts local cleanup in jeopardy of delay. If you do get the NAS 
involved, you will continue to apply the interim levels. In your decision-making, you 
must keep in mind those kinds of things. 

Clearly that kind of schedule impact is something that would have to be carefully 
considered. But at this point it is premature to speculate on impacts of a potential 
review. 

Our local governments will be coming back to Washington in March and will be meeting 
with representatives to be sure that cleanup is adequately funded. This is a big issue - 
we must be sure there is enough funding and that those funds are used effectively. 
We'll try to stop in and visit with you then. 

CALL CONCLUDED WITH THANK YOU BY ALL 
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' DECISION-MAKING 

A quorum must be present at regular meetings of the Board of Directors in order to vote on 
recommendations or proposals (submitted to the Board for action. The following procedures 
apply to voting methods established by the Board: ' 

I 

Consensus. Except as otherwise provided by law or by these Bylaws, an act of the 
Board of Directors shall be made by consensus, as defined by the Board. 

Super-majority. In the event of a block to consensus, the Board may shift to super- 
majority vote to decide the specific issue at hand, with 75% affirmative vote of the 
Directors in attendance required, first, to make this shift and second, to approve the 
measure before the Board. The text of any decisions reached by super-majority vote 
may be accompanied by one or more minority statements. 

Simple majority. Those decisions deemed by the Board to be purely administrative in 
nature (Le., fiscal policy, motions to table items, and other issues not directly related 
to cleanup policy and issues) may be decided by a simple majority (51%) vote of the 
Directors in attendance. 
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RAC Responses to 
Comments on Task 5 

RSALOP >leeling 
Jannnry 13. 2000 

RA C/ 

1/00 J. Till D R A n  - Do Nor Cilc or Quote 

/-- \ 

PROJECT TASKS 

Task 1 : Cleanup levels at other sites (completed) 

Task 2: Review computer models to calculate soil 
action levels (completed) 

Task 3: Inputs and assumptions (completed) 

Task 4: Methodology for determining soil action 
levels (presented to the panel) 

L RA C 

1/00 J 7111 DIL\FT - Do Not Celt or Quote 

/ \ 

PROJECT TASKS 

Task 5 :  Independent calculation of RSALs (draA 
report submitted, Final in February) 

- Task 6: Soil Sampling Protocol (completed) 

- Task 7: Interaction with Actinide Migration Panel 
(ongoing) 

Task 8: Public Interaction (ongoing) 

\ 
RAC 

1100 J. Till DRAFT - Do Not Cite  or Quote 

.; 
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I 1 0 0  J .  Till D R \ F T .  Do Sol  Cilc or Quol. 

The Fire 

" ... I would prefer an approach whcre the probability 
of a fire ... is simply built into the probability 
distribution of the resuspension factor ..." 

RAC / 

F \ 
RAC response to the 

concerns about the lire 

* Most importantly, we agree about the probability 
of  a fire. - We plan to assess the impact of the fire lo r  each 
scenario. - We will include the probability of the fire 
occurring in .my year in the calculation. This will 
change the shape of the curve to somewhere 
between the hvo you have seen, p(lirc) = I and 
p(fire) = 0. 

\ RAC 

IIW J. Till D R A F T .  Do 801 Cilc o r  Quote 

f Fire with p e l  (notice scale on x-axis is \ 



Impact of  including probability of a fire 
TrT-r7Y===s - 

' /  

/- \ 
Things to remember ... 

* We are still limited to the scope o f 3  year (that is, 
we will not accoiint for any rcvegetation during a 
single year). 
We will not assess the impact ofthe burning ofthe 
actinides, which, we admit, may have an impact. 

* We continue to stress the nced for additional 
research on the fire in order to have a more 
realistic calculation. More aspects ofthe tire 
situation need to be considered that are outside our 
scope of work. 

RAC/ 

Lifetime risk 

"...the risk criterion set forth in the National 
Contingency Plan (NCP) for carcinogens provides 
the regulatory policy basis for the 15 mrem/y dose 
criterion used in this report for many of the 
scenarios. This risk critcrion is specified as lo4 to 

li/iinie risk (40 CI'R 300.430(e)(2)(1)(A)). 
The relevant time frame lor consideration of an 
annual 15 mrem dose is therefore a full lifetime." 

RAC 

IIM J. rill DRAFT - D" Not Citc or O U O I l  

3 



/- 
RAC response to concerns about lifetime‘ 

risk 
More than one  reviewer voiced a concern ;ibout 
the lack ofapplication of  lifetime risk - We want to first remind the panel that the criteria 
given to us nt the outse\ of  the project involved 
annual dose limits, not lifetime risk 

* Nonetheless, w e  see the value of  this cnlculaiion. 
and will calculate RSALs based on the masirnum 
lifetime risk criterion of IO6 to IO-‘ and \\ , i l l  
compare these. for a few scenarios, to their 15 
nireni/y counterparts R A Y  

IIW J. Till DRAFT. Ih  Not Cilc o r  Qiiolc 

TablesKomparison of Results 

“Please provide tables that compare the/?.-IC‘ 
scenarios with the DOE scenarios with and 
without lire so that a reader can easily look at the 
data and note the differences.“ 

“Why not use their sum-of-ratios numbers --that is. 
651 rather than 1429. and I15 rather than 252?“ 
[for comparison] 

/- 

-he former D O E E P N C D P H E  sum-of-ratios results 
and the new results presented byR4C should not 
be compared directly. 
- The two sets ofcalculations were performed with ( 1 )  

different dose conversion factors and (2) different 
resuspension models and data among other things. 

- I n  the DOE calculation. the principal pathway \vas 
inhalation: in the corresponding /UCestimate. ii was 
ingestion. 

- The DOE calculation \vas deterministic. whereas the 
RIC numbers represented the 90ih perceniile of a 
stochastic sirnulaiion. 

between the DOE calculation and R K ’ s  calculationRAc 

RAC Response to Comparisons \ 

- Final distributions will illustnle significant diferences 

e 
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Esample Prob;ihility Figure 

'...Figure 7- I tias its y-axis staning at 0.01 aid being 
/oguri!hic.  All oftlie other later figures in 
Section 8 have the y-;Lxis starting at 0.00 ~ 1 ~ 1  
being 1ine:ir.This \ \ , i l l  be confusing ..." 

RA C 

RAC r e sponse  to probability figiirc 

- Wc agree that the figure is not in the sane lorniat 
'a.s the other ligures depicting the scenario 
probabilities. 
We haw revised the Iigure to provide n more 
accurate dcpiction oCwhnt h e  probability ligurcs 
should look like and hope that this figure is more 
helpful a.s an esaiiple. 

\ RA C 

1/00 J.  Till DRAFT - Do No1 Cite o r  Q w I e  

/- 

I ,  



/- 7 
Relevance of child scenario 

“...In deriving the 15 mrem annual dose criterion 
from the lifetime risk criterion. EPA has already 
incorporated the risks accumulated throughout all 
of a normal lifetime. including those during 
infancy and childhood ... it is neither necessnr). nor 
appropriate to derive separate RSAl,s for infants 
and childrcn. They are already profected to the 
level ofthe lifetimc risk criterion through the 
RSAL for adults ...” 

RAC / 

1 IWC response to adequacy o f  child scenario 

- Although we understand and appreciate the 
comment of this reviewer. wc began this project 
with the criterion that dose \ v x  an& limit of 
I5 or 85 rnrern. We then proceeded to select 
scenarios and parameters that were meaningful 
and important for us as rescarchers nnd for the 
pnnel. The child scenario is necessarily one of 
these, and we will leave i t  in the analysis. 

* We will be providing a calculation of RSALs from 
a lifetime risk perspective, for comparison. 

R A Y  

1/00 J. Till DRAFT. Do Not Citc or Quote 

/ \ 

Questions about RSAL example 

“..it appears to me that I O  pCi/g is economically 
infeasible and possibly technologically 
impossible. ..” 

have suggested is good hard scientific data to back 
up your conclusions. ..” 

“...What we need to support the I O  pCi/g that you 

RAC 

1/00 J. Till D R A F T .  Do Not Cite o r  Quotr 

e 



I 
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f RrlC response to HS..\L essniple 

- I t  is importint to remember that we presented \he 
the \.nlue 01’ IO pCi i’ ;IS n prelimincap 
cal culat ion. - We did not :IccounI for a11 of‘ihe consideralions in 
our  example. but i t  \\,ill be quite irnporinnt Ihr ihe 
pimel lo give \vciglit 10 each ofthem :IS n linul 
)<SAL is decided upon. - The enhancernents in ihe lire ca1cu1aiion will 
makc that calcularion more applicable and less 
conseryatiue. 

I 

RAC 

llOU J. l i l l  DRAt’T. Do ?“I C i ~ r  or Q m r c  

/- \ I  
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Radionuclide Soil Action Level 
Oversight Panel Meeting 

Kathleen R. Meyer 

Draft Project Summary Report 
"Readable, concise overview of project for all" 

"You've seen much of this already" 
"Final results not incorporated yet ..." 

Outline and Approach 

LR \ I n r r  Ju)u.n II 2 W  

RAC 

Report outline 
* Introduction 

- Goal of project . 

- Key considerations 

- Brief overview of each task 
- Design objectives - Public Interaction and Actinide Migration 

Studies Contribution - Cleanup Levels at Other Sites 

- Project Tasks 

0 

Report outline (continued) 

- Review of Computer Models 
- Brief description of 5 models 

- Our findings and reasons for selection - Inputs and Assumptions for the code 

- Results of sensitivity analysis 

- Source of data for parameters 

- Scenario development and characteristics 

KII  \I .,.,, Y"" I , . ,  nl, 
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Report outline (continued) 

Methodology and Independent Calculations 
of Soil Action Levels 
- Describe and illustrate our methodology 

- Present results as distributions of possible 
values for 7 scenarios 

* Soil Sampling Protocol 
Review of current RFETS sampling protocol 
Summarize recommendations for final status 
survey 

Report outline (continued) 

Attachments contain project reports 
A: Task 1-Clean-up Levels at Other Sites 
6: Task 2 Computer Code Evaluation 

Task 3: Inputs and Assumptions 
Task 5: Independent Calculations 

C: Task 6:Soil Sampling Protocol 

D: Actinide Migration Studies meetings 

Report Features 
Sidebars to highlight key information 

a 
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Report Features 

'1:thlcs guide the re:idcr ;ind surnm:irize information 

Report Features 

Figures add 
interest and 

visual 
information 

Design Objectives or 
" P r o j e c t G u i d es " 

- Imposed by the scope of work 

- No option to go beyond this scope 

- In scientific studies, there are always 
ideas that evolve that could improve the 
work or expand on technical discussions 
that make it more complete 



Design Objectives Followed 

Soil action level based on a dose level, 
rather than a level of risk 
Exposure scenarios should be realistic 
for future and not be limited to those 
scenarios previously proposed 
Uncertainties should be included 
Incorporate site-specific data where they 
are available 

Design Objectives (continued) 

Evaluate different computer codes for one 
best for the Rocky Flats 
Code could be modified if possible to 
improve the quality of the calculation 
Complete the work within the time 
constraints given 
Interact with panel and public at monthly 
availability sessions and formal meetings 

RSAL Selection Process 

- We emphasize that the final selection 
depends on considering many facto rs... 
- institutional controls 
- effect of time 
- cost of cleanup 
- risks associated with cleanup and exposure lo 

- public acceptance 
- background levels of plutonium in environment 

plutonium 



Working Draft Report+ Final Report 

- Final delivered in February 
We need panel review and input within 
1-2 weeks 
Then we will work closely with the 
steering committee to incorporate panel 
ideas and to finalize the project 
summary report 
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Radionuclide Soil Action Level Oversight Panel 

December 17, 1999 

James Owendoff 
Principal Deputy Assistant Secretary - EM2 
U. S. Department of Energy - Rm. 5A-014 
1000 Independence Ave, SW 
Washington, DC 20585 

Dear Mr. Owendoff: 

On behalf of the Radionuclide Soil Action Level Oversight Panel (Oversight Panel), we write to express 
concerns regarding a letter to you from Jessie Roberson, Manager of the Rocky Flats Environmental 
Technology Site. This letter, dated December 6, 1999, supported a National Academy of Sciences (NAS) 
review of reports generated on our behalf by Risk Assessment Corpor'ation. We believe such a review is an 
unnecessary action that could result in prolonged delays to recommended modifications to the interim soil 
action levels. Moreover, it will needlessly waste taxpayer dollars. We were disturbed that the Oversight 
Panel was never consulted regarding a possible NAS review and indeed learned about the proposal only afler 
Ms. Roberson's letter to you had already been sent. 

As you are aware, the Oversight Panel was funded by the Department of Energy to conduct a cornmunity- 
directed, independent scientific assessment of interim radionuclide soil action levels that were incorporated 
into the Rocky Flats Cleanup Agreement on October 18, -1996. Work began on this review in October 1998 
and is scheduled for completion in March 2000. The thirteen member Oversight Panel has carefully 
monitored this process to assure that it will result in a credible, scientifically based outcome. Risk 
Assessment Corporation, which was chosen from a field of contenders, has worked with the Panel and 
community-at-large every step of the way. Representatives from the Department of Energy, site contractors, 
and regulatory agencies have participated in a l l  meetings and technical discussion sessions. Risk 
Assessment Corporation has not only invited their input but has responded to each and every concern and 
question they have raised. In addition, five nationally recognized technical experts have peer-reviewed 

Oversight Panel and'D=GE-wanted, ~namely, a -scientifically -sound review of= the soil action le-vel calcul_avons. 
We now find ourselves asking how many "reviews of reviews" are necessary before appropriate action is 
taken? 

epo~Js_ issued ~ _by ~ ~. ~~ Risk - Assessrnenf Corporation. We believe this approach assures exactly what the 
~ ~ ---< 

~ -- . . ~ -~ 

A s  a result, we strongly urge that the Department of Energy accept the results of Risk Assessment 
Corporation's review as a starting point for further discussion with the Panel, the community-at-large, and the 
regulators for potential changes to the interim radionuclide soil action levels. Any further investigation is likely 
to lead to serious delays to a dangerous situation that can affect communities surrounding the Rocky Flats 
facility well into the new millennium. 

If, however, the decision is made to proceed with an NAS review of Risk Assessment Corporation's work, the 
Oversight Panel insists that such a review include the following: 

A robust public participation process, similar to what we have had over the past year; 
A concurrent review of the work of DOE and its regulators to come up with the radionuclide soil action 
levels originally adopted for the facility; 
A completion date not later than March 31, 2001; 
Inclusion in the study of the relation of soil action levels on surface water runoff; and 
Appropriate compensation for Risk Assessment Corporation for extra work they may be required to 
perform to provide clarification and assistance throughout the review of their work. 

-37 



James Owendoff 
US. Department of Energy 
December 17, 1999 
Page 2 

We urge you to examine the full final report of the independent study and to work with us as we seek to do the 
right thing for our communities. As stated at the beginning of this letter, we believe no additional review of 
this study is needed and that better use could be made of taxpayer'dollars than continuing to study and re- 
Study recommendations. If, on the other hand, you wish to proceed with plans for a National Academy of 
Sciences review, we ask that you and/or Assistant Secretary Carolyn L. Huntoon come to Colorado to meet 
with the Oversight Panel to respond to the set of expectations we have spelled out above. 

Please feel free to contact either of us for further discussion. We look forward to a prompt response to our 
concerns. 

Since re I y , 

Onqinal Sig- Onqinal Siqned By  

Hank Stovall, Co-Chair (303) 466-5986 
Radionuclide Soil Action Level Oversight Panel 

- Mary Harlow, Co-Chair (303) 430-2400 - EA. 21 74 
Radionuclide Soil Action Level Oversight Panel 

CC: U.S. DOE-HQ US.  DOE-RFFO 
C. L. Huntoon J. Roberson 
J. Fiore P. Golan 
T. J. Glauthier J. Karpatkin 
A. Rampertaap J. Rampe 

Sen at o r Wayne AI lard 
Senator Ben Nighthorse Campbell 
Congressman Tom Tancredo 

- - Congressman-Mark - Udall 
~ - -  - - - -  ~~ 

. _  -~ 

Governor Bill Owens 

Boulder County 
Commissioner Paul Danish Commissioner Michelle Lawrence 

City of Arvada City of Boulder City of Broomfield City of Louisville 
Hon. K. Fellman Hon. W. R.  Toor Hon. B. Berens Hon. T. Davidson 

City of Westminster 
Hon. N. Heil 

Risk Assessment Corporation 
Dr. John Till Ken Korkia 

Rocky Flats Citizens Advisory Board 

Radionuclide Soil Action Level Oversight Panel Members 



JAN-12-00 1 6 : l e  From: T-844 P . 0 2  Job-737 
Y 

City of Broomfiefd OFFICE OF THE MAYOR 

One DesCombes Drive Broomfield, Colorado 80020 Phone (303) 438-6300 Fax (303) 438-6296 

January 4,2000 

Mr. James Owendoff 
Principal Deputy Assistant Secretary 
U.S. Department of Energy, 5A014 
1000 Independence Avenue SW 
Washington, DC 20585 

Dear Mr. Owendoff: 

On December 6. 1999, Jessle Roberson, former Rocky Flats Site Manager, 
forwarded a letter to you endorsing a National Academy of Science (NAS) 
“objective unbiased” review of the reports that are being generated by the Risk 
Assessment Corporation (RAC) on behalf of the Radionuclide Soil Action Level 
Oversight Panel (RSALOP). Such a request by DOE for an NAS review may 
have been welcomed at the beginning of the Radionuclide Soil Action Level 
review process, so it could have proceeded in parallel and not in series with 
added, undefined time delays and costs. 

The City of Broomfield believes that a NAS review of MC’s work at this point is 
ill-timed, unwarranted, and will only serve to further dnlny determining and 
setting an appropriate remediation level for the cleanup of plutonium and other 
radionuclides at Rocky Flats. If the Department of Energy supports and requests 
a NAS review, then all soil remediation and any other remediation activities 
which apply to the interim soil action levels should be hafted immediately at 

- - -  Rocky Flats, until the NAS has made its determinations and an appropriate 
remediation level has been reviewed and agreed to by regulators, state and local . - 

governments, and community stakeholders. 
- - - 

This review would likely take two to five years. is a closed process and could 
therefore lack credibility in the local community, and woutd unnecessarily delay 
remediation and closure of Rocky Flats. It would also allow the site to continue 
to use the discredited and unacceptable interim remediation levels. 

On May 16, 1997, the City of Westminster sent a Idler b then Energy Secretary 
Federico Pena; Carol Browner. United States Environmental Protection Agency; 
and Alvin L. A h ,  Assistant Secretary for Environmental Management, supporting 
the Rocky Flats Citlzens Advisory Board’s (CAB) request for the National 
Academy of Sciences to provide a review of the soil action level set for Rocky 
Flats and to set a national standard for radionuclides in soil. However, DOE took 
no action on the City’s or CAB’S 1997 request. 
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Mr. James Owendoff 
January 4,2000 
Page 2 

The cities of Bmmfleld and Westminster have assets and land holdings, 
including major water storage reservoirs downwind and downstream from the 
Rocky Flats Environmental Technology Site. We continue to be very concerned 
about the interim remediation levels set in 1996 by DOE for soil cleanup of 
plutonium at the site, since the model used does not quantify off-site impacts. 
As you may know, there have been on-site water quality exceedances and at 
least one off-site exceedance of the water release standard on Walnut Creek 
which drains into the Great Western Reservoir. 

Our communities worked tngether and expended a great deal of time and eftbtt 
to obtain the DOE funded independent review of the interim radionuclide soil 
remediation levels. Both cities have been very involved in the RSALOP review 
process. Representatives of our respective communities serve as co-chairs of 
this respected community based panel. 

To ensure that the RAC’s reports and recommendations were credible, the 
RSALOP solicitod community funds to provide stipends for a peer review team of 
five nationally known experts in the field of radionuclides in soils to review and 
comment on every report that RAC has produced. Much of this peer review 
input has been incorporated into the final reports. The entire panel review 
process has been very professlonal, public, and above reproach. 

A great deal of time and money has been expended on the current review of the 
interim radionuclide soil adion level at Rocky Flats. We view further 
expenditures of taxpayer dollars for an NAS review as a delaying tactic in 
determining a Rocky Flats radionuclide soil cleanup level that provides long-term 
protection to human health and the environment for future site u ~ e r ~  and 
residents of adjacent off-site communities. 

- 
~ 

~ 

- -  - 
- _  ~ 

_ _  - _  

e City of Broomfield would appr&i& a timely and responsive reply to this - _  

matter. 

Sincerely, 

Mayor Pro Tem 

CC: GovmOr 8111 Owens, State of Colorado 
Senator Wayne Allard 
Senator Ben Nighthorse Campbell 

. Representative Mark Udal1 
Representative Tom Tancredo 

William M. Berens 
Mayor 
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Mr. James Owendoff 
January 4,2000 
Page 3 

T-844 P . 0 4  Job-737 

Carolyn Huntoon, US.  Department of Energy, EM 
Paul Golan, US.  Department of Energy, Rocky Flats Field OfFice 
Mayor and City Council, City of Broomfield 
Mayor Pro Tern Sam Oixion, City of Westminster 
Mayor Ken Fellman, City of Arvada 
Rocky Flats Radionuclide Soil Action Level Oversight Panel 
Mary Harlow, Rocky Flats Coordinator City of Westminster 
David Abelson, Rocky Flats Coalition of Local Governments 
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January 10,2000 

Mr. James Owendoff 
Principal Deputy Assistant Secretary 
U.S. Department of Enerzy. 5 h 0 1 1  
IO00 Independence Avenue SW 
Washingon. DC 20555 

Dear Mr. Owendoff: 

On December 6. 1999, Jessie Roberson. former Rocky Flats Site Manager, 
forwarded a letter to you endorsing a National Academy of Science objective 
unbiased revie\v of the reports that are beins generated by the Risk Assessment 
Corporation (RAC) on behalf of the Radionuclide Soil Action Level Oversight 
Panel (RSXLOP). Such a request by DOE for an NAS review would have been 
welcomed at the beginning of the Radionuclide Soil Action Level review 
process. 

Westminster beliebes that a NAS review of RAC's work at this point in time is 
ill-timed. unwarranted and will onlv serve to further delav determininc and 
settine an aDproDriate standard for the cleanup of plutonium and other 
radionuclides in the soil at Rockv Flats. If the Department of Energy supports 
and requests a NAS review, then all soil cleanup should be halted at Rocky Flats 
until the Academy has made its final determinations. This review can take up to 
t no  years and would s e n e  to delay the accelerated cleanup and closure of Rocky 
Flats. 

On May 16. 1997, the City of Westminster sent a letter (attached) to then En-ergy 
Secretary Federico Pena, Carol Browner, United States Environmental Protection 
Xsency. and Alvin L. Alm. Assistant Secretary for Environmental Nfanasement. 
supporting the Rockv Flats Citizens Advisorv Board's reauest for National 
Xcademv of Sciences to Drovide a review of the soil action level set for Rockv 
Flats and to set a national standard for radionuclides in soil. A NAS review in 
I997 would have negated the need for the RAC review and could have saved the 
taxpayers $500,000. However, DOE took no action on the City or CAB'S 1997 
request. 

- 
~ 

~ - 
~ 

- - _  - - _  - - _  ~ - _  -~ - _  

The cities of Westminster and Broomfield. which lie down wind and downstream 
frog the Rocky Flats Environmental Technolosy Site, were and continue to be 
very concerned about the interim standards set in 1996 by DOE forsoil cleanup 
of plutonium at the site. Our communities worked tozether and expended a great 
deal of time and effort to obtaifi the DOE funded review of the interim 
radionuclide cleanup standards. Both cities have been very involved in the 
RSXLOP review process. Representatives of our respective communities serve 
as co-chairs of the panel. 



blr. James Owendoff 
January 10,2000 
Page 2 

In order to ensure that the M C ’ s  reports and recommendations were credible, 
the RSALOP solicited community funds to provide a stipend for a peer .review 
team of 5 nationally known experts in the field of radionuclides in soils to review 
and comment on every report that R 4 C  has  produced. The entire panel review 
process has been very professional and above reproach. 

A Feat  deal of time and money has been expended on the current review of the 
interim Radionuclide soil action level at Rocky Flats. Further expenditures of 
taxpayers dollars for an NAS review is viewed as a delay tactic in determinins a 
Rocky Flats Radionuclide soil cleanup level that is protective of human health 
and the environment for future site users as well as offsite communities. 

The City will look forward to your reply in this matter. 

Sam Dixion / Mayor Pro Tem 

Cc: Governor Bill Owens, State of Colorado 
Senator Wayne Allard 
Senator Ben Nighthorse Campbell 
Representative Mark Udal1 
Representative Tom Tancredo 
Carolyn Huntoon, U.S. Department of Enerzy, EM 
Paul Golan, U.S. Department of Energy, Rocky Flats Field Office 
Mary Harlow, Rocky Flats Coordinator City of Westminster 
Mayor and City Council, City of Westminster 
Mayor Ken Fellman, City of Arvada 
Rocky Flats Radionuclide Soil Action Level Oversizht Panel 
David Abelson, Rocky Flats Coalition of Local Governments 



W E S T hl I N S T E R 

May 16, 1997 

The Honorable Federico Pena 
Secretary of Energy 
United States Deprtment of E n e r g  
1000 Independence Avenue SW 
Washington, D.C. 20555 

Tie  Honorajle Carol Browner 

Wxerside Mall 

Cit:; o i  1Ves:minstcr 
Ofiicz of  the 
Mayor . United Stares Environmental Protection Agency 

G O O  \Vest 92nd Avenue 
Wes:xicsz:. Coiorzdo 
8CG;O 

4Oi M Str tc t  SW 
Washington, D.C. 20460 

1 

. .  

;, . _.. * . 

303 -13  0- 2400 
F.AS ?03--13fl- 1SG9 
TDD 303-J~Ss-CG48 

Alvin L. AIm 
Assistant Secretary for Environmental iManagemen t 
United States Department of Energy 
Forrestal Building 
1000 Independence Avenue SW 
Washington, D.C. 20555 

Dear Secietary Pena, Administrator Browner, and Mr. Alm: 

The City of Westminster is writing to support the request of the Rocky Flats Citizens 
Advisory Board (CAB) that both the United States Department of Energy @OE) and 
the United States Environmental Protection Agency @PA) initiate and h n d  a contract 
with the National Academy of Sciences to provide a review and set a national 

- -standard- for radionuclides in  soil. "&e EPA was in the process of promulgating such 
It-is very 

important not only for our local community and adjacent communities, but the nation 
as a whole that a national standard that is protective of human hezlth and t4e 
environment be studied and determined. 

- - - -- - -- - - - -  
- 

a national soil standard in 1996, but has  si^% dropped its proposal. - - _  

The DOE ruled on October 19, 1996, that a 15 millirem for industrial use and 85 
millirem (65 1 Picocuries/gram) for residential was an appropriate cleanup standard 
for the Rocky Flats Environmental Technology Site P E T S ) .  This standard was 
subsequently adopted as an interim soil action level for the Rocky Flats Cleanup 
Agreement by the local Rocky Flats Field Office, the Colorado Department of Public 
Health and Environment, and the EPA. This interim standard is awaiting a final 
national determination of an appropriate protective dose level. 

Local governments as well as stakeholders are not comfortable with the 85 millirem 
dose standard set in the buffer zone of the WETS for residential use. The area where 
our City is located already has a higher background exposure from naturally occurring 
radiation and nuclear fallout. Additionally, the RESK4.D model that was used to 
detemine the soil action levels for Rocky Flats used breathing rates set for low 
altitude residents, rather than for a high altitude area such as ours' in Colorado. 

' 



May 16, 1997 
?age 2 

Dollan spent for this review by both the DOE and EPA will result in renewed 
confidenck in the ability of both igencies 20 protec: the health and welfare of citizens 
who live in the shadow of the former nuclear production facilities. We believe that it 
is important that this review be undertaken as soon as possible. 

Your support in this endeavor will be greatly appreciated. 

Sincerely, 

w-7- Nancy bl. Hei 

Mayor 

cc.: United States Senator Wayne Allard 
United States Senator Ben Nighthorse Campbell 
United States Representative David Skaggs 
Ur?ited States Representative Diana DeGette 
United Siates Rzpresentative Dan Schaefer 

. 

. .  



OFFICE OF THE CITY MANAGER 
303 431-3000 P H O N E  A 3 0 3  431-3911 F A C S I M I L E  

TDD: 3 0 3  431-3917 

December 2 1, 1999 

Mr. lanics Owendoff 
Priiicipal Deputy Assistant Sccretary 
Dii-cctor of Site Opcrations 
U.S. Department of Energy, SA014 
1000 Jndepcndencc Avenue S W 
Washington, DC 20585 

Pear Mr. Owcndofl: 

‘l‘lic City of Arwda is :I mcrnber of  the Rocky Flats Radionuclide Soil Action Level Oversight Panel 
(RSALOP). We reccivcd a copy of the memorandum from h4s. Jessie M. RoLcrson to you of Dcccmbcr 
G ,  1399 regarding the proposed National Acadcmy of Sciences P A S )  f w k w  of soil action levcls. 

We s\rl>port indepcndent objectivc review of the reports preparcd and  being prcpareb by Risk 
h.scssmcnr Corporation (RAC) on behalf of  the RSALOP, such as  by thc N A S ,  as discusscd in  Ms. 
Robzi-son’s mcniorantlum. W c  believe that the independent review by an organization s\icli as NAS 
wo~l ld providc valuable information to the U.S. Department of Iinerg)l 3s well as to thc sun-ounding 
coinlnuiiitic~, conceined about safcguai-ding h u m a n  health itnd tlii: cnvjronmcnt at  Rocky F l n ~ s .  

We ]lave raiscd sevcral conccrns about the work currently being done by RAC. WG hopc tha t  K4C will 0 
resolve ~ h c  many teclinicol coiiccms expressed by some l<SAI,C)l’ rncrrlbers snd scicntific pccr 
rcviewcrs, 

- _ _  - On I>chalfof thc City of Arvada, thank you for your continuing cifoits on be lu l l  of the snfc and  IhorougIi 
clzdnup of Rocky-Flats - WC look forward to our gonlinued ~ w o r k  toscthei on this cntical PrOJCCt 

~ - - --- -- 
- -- _ _  

Sincerely, 

Rocky Flats Coordinator 

cc:  kfayor Ken Fclltnan Carolyn Huntoon, I1.S. Dept Energy, EM 
ouncil Mcmber Lorraine Anderson Senator Wayne Allard 

Senator Ben Nighthorsc Cainpbcll 
Rzprescntarivc >lark UdAll 
Reprcsenlative ‘Tom Tanc:cJo 
Got,emor Ri l l  0 W Z I . i S  

4 o c k y  Flats Radionuclide Soil Action 
Level Oversight Panel 
Paul Golan, U.S.  Depsfincnt of Encrgy, 
Rocky Flats Field Office 



December 22: I990 

Dr. John 1:. Till 
Risk Assessment Corporation 
4 I 7 Ti I 1  Road 
Neeses: SC 29107 
c!o 
h4s. Carln Sandll 
AIMS1 
l Q 7 Q  rJ;.--- .-:. 1v2,-1 ! . l l<- i  
1 " ; -  ci:'. ,i .  T I L d i  - . , . - , i I 1 " - i 1  

Golden. CO 80401 

Dear John: 

At the last meeting of the Rocky Flats liadioniicliiic. Soil Action Level Oversight Panel meeting 
on December 9: I999> yo11 clisciissed your- thoughts regaiding revisions to the Task 5 
(Indcpciideiii Calculation) Drali lieport. \\.hich \\':IS submitted to tlie I'xiel i i i  November. Yoit 
have t-ecei\wl comments on tlie Task 5 Dt-afi lieport from panel members: including me, and 
from peer rwie\vei-s. 1 iitiderstand t1i;rt you are in the process of consiclet-iiig those comments. 

I woiild like to conlirm some ofthe comments yoii made at the December 9 meeting for 
clat-ific~itiot~ I O  my colleagues at  the City of At-vacla. As 1 recall, you stated that, in the draft 
report, you dealt with tlie worst case scenario (resident ranchet- and resident rancher child) too 

-~ ~~- . ~. ~~ . _ _  - conservatively. ~ - ~. .~ ~ ~. . ~~ . Yo11 reported to the Patiel that there is insufficient infomiation about the fire 

you stated that you will not recommeiid a number, such as 10 picoCut-ies/gram, for the soil action 
ievei at Rocky Fiats in the revisea repori. i tio~ea iha1 you said you W G L I I ~  noi recominmd any 
specific number but, i f p u  were to choose one iiLitiiber, i t  would be 80 pCi/g. 

o~l;ei-lytcoiiser\;ati\le for Rocky-Flats,-My--notes=indicate that __ 
=~ __ ~ - .  .~ ~ ~ 

I f  my notes regarding your comments at thc Decembcr arc in ci-ror, please let me know. I 
appreciate your efforts to revise the Task 5 report, and look forward to receiving an update at the 
next Panel niecting. 

Thank you for all your work. 



JAN-03-2880 ll:38 HAC 
1 '  

8035341995 P. 94/85 - 

December 27, 1999 

Ms. Carol Lyons 
Rocky Flats Coordinator, City of Arvada 
Office of the City Manager 
P.O. Box 8101 
8101 M s t o n  Road 
Arvada, CO 80001-8101 

Risk Assessment Corporation 
4 i 7 TdI Eood, keeses. South Ccrolinc 201 07 

www rac!eorn.corr 
pkonc @C3 536 A883 fox e03 5 3 A  I995 

Dear Ms. Lyons: 

clarification on several points related to the Radionuclide Soils Action Level Project. 

responses to all of the comments as we have done with previous reports. The revised repon will 
incorporate as many constmctive ideas as we can include considering time and budget. 

Because of some possible misunderstandings by panel members, I believe I need to clarify my 
comments regarding several points I made at the meeting. I l ist  below several items that enlarge on the 
discussion held on December 9. 

This letter is in response to questions asked in your letter of December 22, 1999 and to provide 

We are in the process of responding to comments on the Task 5 report and intend to provide 

1. 'We clearly stated in the draft Task 5 report that there are many issues that must be considered 
before a soil action level can be recommended. We listed P number of these issues in the report 
and identified those that we considered and those we were not able to consider within the 
constraints of our current contract. For e.xample, cos[ of cleanup should certainly be a 
consideration, but rhis is beyond the scope of our work. Thereforc we believe it would not be 
appropriate for us to "recommend" a final specific soil action level since we are not able to 
consider a number of these significant issues. Rarher, we intended to provide a roadmap for how 
the panel might approach the process of developing reconmendations for soil action levels based 
on the calculations completed for.Task 5.  

I 

2. I pointed out that the soil action level we proposed in the draft Task 5 report was based on the 
most restrictive scenario and with the guidance that we were given to assure that no individual 
would exceed the 15 mrem per year dose Ilmit. The scenario that formed the basis of our soil 
action level was the rancher scenario and was based on a probability level of 10% (1.e. a 90% 
chance of not exceeding the dose lirmt). The pathway that led to this soil acuon level was the 

~ _ _  - - _  - occunence of a fire in the first year considered (2000). with complete devegetatton of the 

primarily from inhalation of plutonium, with enhanced resuspension. This is, of course, a worst 
case, and the probability of a wildfiie on thc site in 2000 IS small. Our final report will include an 
improved treatment of fire events (see item 5 below). 

- _ _  ~ 

rancher's land and a full year for the regrowth of ground cover. The Su6sequerit dose was - - - -  - - 

3. We cautioned in the draft Task 5 repon that our analysis of the fire scenario was based on limited 
data, and I stressed at the meeting that this is an important area of research for the Department of 

' Energy to pursue. Our cautions were backed up by the technical review, and severd reviewers 
strongly supported not only our methodology, but also our emphasis for new research to help 
better quantify this important mechanism. I mentioned char bcciluse of the lack of specific data 
with which we had to work, we did not want to endorse a soil action level developed from such 
limited data. Although I believe I may have mentioned our concern that (he fire scenario as we 
had addressed it may be overly conservative, i t  is also possible that i t  may not be conservative 
enough. Analysis of resuspension data collected above burned fields would likely narrow the 
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uncertainty and provide greater confidence in the estimate. Other investigators may also ha've 
ideas for research that would improve the resuspension estimates. 

4. During the December 9 meeting, I stresscd my opinion that the I O  pCi/g soil action level in the 
Task 5 report was likely too conservative, because i t  was driven by the assumption of a fire 
totally devegetating the rancher's land for the earliest year considered. In addition. we had very 
limited data on which to base our analysis of the resuspension flux after the firc. I further stated 
that by taking the fire out of rhe scenario, a practical upper bound for a soil action level could be 
seen, and that this would be around 80 pCi/g. The reason for this is that without the fire, soil 
ingestion becomes the dominant pathway. and we felt very comfortabIe with the parameters in 
this calculation. It can also be readily seen that because of the steep upslope of the curve that 
excludes the fire, it does not make much difference which probability level is chosen. I 
commented that given the scenario assumptions, this was i1 calculation we could defend. I did not 
intend to suggest that 80 pCi/g should be viewed as a recommended soil action level; that would 
be premature. I believe I said that when ail i s  said and done, the soil action level would likely be 
between 1 pCi/g and 80 pCi/g, depending on the outcome of additional research related to the 
fire. Our treatment of the fire as a probabilistic event in the final Task 5 report (see item 5 below) 
will provide a smoother interpretation of the scenario and the dependence of the soil action level 
on the chosen probability of exceeding the limiting dose. 

5 .  During my discussion of the peer review comments, I mentioned that i~ couple of reviewers had 
recommended we approach the occurrence of a fire as a probabilistic event, rather than something 
assumed to happen at a time and in a manner that would maximize its effect. We are now 
pursuing this idea, and we will incorporate the results into the final Task 5 repon. Nevertheless, 
this change does not diminish the need for additional research to investigate the effect of 3 fire on 
resuspension of plutonium at the site. That work will be hizhly desirable if the Department of 
Energy intends to derive a soil action level on the best site-specific data available. 

6. I emphasized at the meeting that we were providing an assessment approach for calculating soil 
action levels. We believe that this approach is superior to the methodology that was used in the 
1996 calculation. Furthermore, I indicated that in the final Task 5 report we would provide 
illustrations of the use of this approach to develop soil action levels. Therefore, the soil action 
levels that we provide will be generated for the purpose of illustrating our methodology. Further 
changes in the exposure scenarios or incorporation of new data or refinements in certain of the 
models wouldchange these numbers. but the assessment approach would remain valid. Our_ ~ 

recommendations in the Task 5 report, if implemented, would likely lead to such changes. 

- _  . - _ -  . ~~ 

~ -_ - 

I believe these items address the questions you raised and several more that are important for you and 
the other panel members to consider. I regret any confusion that-my comments may have caused. To help 
communicate these issues to your colleagues at the City of Arvada, I have copied them on this letter. 

copy to: Rocky Flats Radionuclide Soil Actiun Level Oversight Panel 
City Council, City of Arvada. Colorado 

TOTRL P.85 
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December 26. I999 

Ms. Mary Harlow and MI-. Hank Stoval1 
Co-Chairs ~ Radionuclide Soil Actiori Levcl Ovei-sighi 1’;inel 
c/o Anna Corbett AIMS1 
5460 Ward Rd., Suite 370 
Arvada, CO 80002 

Dear Mary and Hank: 

Sciences (NAS) review of the Radionuclicle Soil Action Levc1.s Prqject (RSALOP) reports. Some 
of these points 1 made at the lust meeting, but I thought i1  imporiant to have these ideas 
documented. 

reviewed by the Academy. We believe such ;I i-evie\v \ \ , i l l  fociis much attention on innovativc 
approaches to assessing the condition o f  such facilities :is Rocky Fl:its? and that our 
recommendations in the Task 5 i111tl orher final 1iro.iect I-cporis will lay groundwork for thcse ncw 
approaches. The NAS review will be an opporiiinity to 1i;ive our new methocis endorsed and 
coli 1 d bring about subs tan t i a 1 changes i ii f u  t 11 re ;is se s s iii e 11 I ne I h o c l  o I og i e s for c 1 ea n u p a I 
Department of Energy sites. In  our opinion, such changes :ire long overdue. 

Ac adein y com m i t tee, and we 111 1 1 y u n tl ers t ;I n d t ti e tho 1.0 11 g li ness ! t i me re q u i red, and c red i b i 1 i I y 
involved in the review process. We nlso iinderstand the iinporiake of having an opportunity to 
interact with the Academy committee during the revie\v process anti to respond to their 
comments, in the same way we have worked with the technical peer reviewers’ comments on our 
reports during the project. This comment-response interc1i;inge is an important part of the 
scientific process, =and the expli~cit agreement of the Department of Energy to our having this 
level of access to the Academy committee shoul? 6e secured-Tit t1i~G beginn-ing; -0Kr previous ~ - =  -- ~ _ - - ~  

experience in working with the Academy makes us aware of several issues that could be crucial 

I wanted to send this ietter expiuining our rexiion io iiie proposecl National Academy of 

Risk Assessriierit Corpo~-r.r/iori strongly suppotis 11ie reqiiest for this research to bc 

Our research at the Fernuld and the Saviinnnh River sites h a w  been reviewed by an 

- - ~~ - ~~ ~ ~~~ - ~. . ~.~ ~ 

~~ ~~ ~ ~ ~ ~~ ~~ ~ 

- - - 

to the rei:isl,ir nrr\rPSS. They th5 fs!jc\?,;nm. ra -’.I- ‘“D’ 

1 .  Because of interaction that will be required betwcen the Academy and our research t e m ,  
we will need support to carry out this interaction with [he Academy during the review 
process and to respond to comments t h a t  result from the review. 

2. It is likely the Academy will have reconinieiidations t h a t  could strengthen t h e  
methodology even further, and we would need suppori to incorporate these ideas into our 
work. 

3. The RFSALOP should be aware that the NAS review process takes a considerable 
amount of time. Since the Department of Energy nppnrently has not yet formally 
requested NAS review it  is possible tha t  the entire proccss could take two years to 
complete. This time consideration is important 101. the ovcrsight panel to recognize and 
for our staff to keep i n  mind i n  order to p l ~ i  iime ;iccoi-tlingly i n  the future. 



4. We believe i t  is essential fo r  the NAS also to include in its rcview the 1996 agency 
report: which proposed interim soil xt ion levels lor the Rocky Flats site. The N A S  
committee would need this pet-spective in 01-der to ~tndei~st~incl fully the methodology we 
have proposed and the contest of tlic contracl under \vliich we \vorked ~ind by which we 
we re cons t ra i n ecl i n i in po 1-1 ;i t i  t \v a y s . 

5.  It will be critical for the NAS to have ~i\~nil~ible all pmject task reports, not just [he Task 
5 report, to be able to check our methotlolo~y completely. The Task 6 report is an 
exception and could be omitted since i t  nddresses n sepnrate topic, that of i~ecomniending 
soil sampling criteria, and is not directly i-el~itetl to del-ivntion of soil action levels. 

6. In addition to the project reports: i t  is iniportnnl tor the NAS to haw. available all 
reviewers’ comments unci  our responses to them . This inl’ormntion could save them 
valuable time, if questions arise about aspects 01‘ the \vork we were not dble to address 
and our explanation ;is to why we did not ~icld~-css rhcm. 
i t  wouici lie benei’iciai ii’iiic NAS cuuid cotllttlciii oi l  

recommenclations for ~it~ditional \vork that we list in  llie Task  5 report. We believe such 
commen t s woii I d of fer he I 11 I’LI I gu i (1 ;I nce to t lie De pa 11 m’e n t of Enci-g y i n est ;I b I i sli i n g 
research to support ;i viable agenda for future cleilnlIl>. 

I . .  7 .  iippiiciibiliiy i i i i i l  i > . ’ . ’ - * s 1 - . ’  1 I O 1  .ty of :he 
~ 

The RFSALOP should be p re~~ i~red  for ;in Acudemy i-evic\v 10 contain many probing 
questions and comments: which individunlly or collecti\~ely tiiiiy seem quite negative. But i t  is 
on I y through such q uest ions il n (1 co 111 me ti t s t 11 ;I t re I e van t ; i n  t 1 I.\ i 11 dame n t a I  i ssu es ;I I-e d i sc LI ssed 
and resolved. I n  our experience, the Ac;rdemy committee‘s i n i t i : i l  impressions can be quile 
different from its fii inl  iincIei-st~intIing of the work under t-e\!ie\v: irnd the process of criticism ancI 
response ineviiably leads to ;i sounder and moi.c ci-rdible product. The. public nature of tlic 
dialogue and the candor of the exchanges cat1 seem unplexant (or disturbing) to interested 
parties who are not familiar with the process. An i n i t i a l  criticd report by the Acadetny 
committee can seem harsh and final, u n t i l  there is time for ;I I-esponse that clarifies 
misunderstandings and proposes corrective or supplemeiitaiy work where appropriate. Be 
assured that RAC does not view the process as a gnme to be won or lost, and we believe .the 
Academy will not view i t  that way either. Rather, i t  must be viewed as a sometimes rocky path 

sjs for important public interest decisions that must balance competing 
costs and claims. 

We thank the panel for their supportive and constructive comments during the course of the 
project. We believe we have responded fully to these ideas and agree that they have influenced 
our work substantially and helped create ii much better prod~ict. 

=~ to=a=credible=scient.fic 
-~ . . ~ .- = _  . . - z. = = ~ =.= ~ ~ ~ 

i i - - ~ -  ~ 

~~~. . = 
- .~ . _ _  

~ ~~ ~~ ~. ~ 

.~ ~ ~ 
~ ~~ 

.~~ ~ - ~~~ ~ 

- ~~ = _~ .  ~ 
~~ ~~.~ ~~ 

Sincerely, 
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Standards for soil cleanup at site unacccptable 
The Drc 5 aditotfal C‘Dirty work ckdnlng 

Flatsf’) is JB uncrillcd csmtetionof tbepro - 
clump standards lor roil that ulll japsrdirethc 
llvcs and safely of prulnt and future p I w J l l O n S  
of Cohtadans Uvkg md working on that roil. 
Over the mursa of maag years tho site can k a 
roe01 pofnt of Meetion for II  much greater arc3 
because the plutonlum h the toll moves and 
spreads. 

The proposed rlcurup standard of 1,429 yCI/g 
(picarartes per gram of 4011) cornpareg lo 10 
PCl/g rccammsnded by a contractu with excel- 
lent crrdcnUal~ hhtd by a cltbcru wup wilb 
fund, supplied by the Department or Energy to 
review the cltanup ,tanQrU. 

Do ou know that 1,tN Cl/g is 36,000. ltm? 

Colorado )oil! 00 you know rbat the sad cleanup 
standard pro 04 by the Colorado Department 
of Ncalth in f9TS w u  lers than I pCllg? Do You 
hmp that tkc D d m e  Nuelcar Agency i4eaned 

. the sol1 of the FAeGetalr Alan in the lale  ‘70s US- 

gads from R W ~  nief to justify unarcepta r le 

a8 hlg 7; as thc bsckgrpaad fwel of ptupn,um ID 

ing I cleanup slandard of 40 @/g? Do you know 
that dentists a1 !ha Oak Ridge h’diondl Lahora. 
&r)r k DOE,lacillly) wrote a paper to justlly lhc 
usc of 13.5 pCI/8 as a slandard for tho Jobston 
Afoll clcanup? Where on Ear& b lhcrc evidcnce 
ol pmplc living, working or plsylng on mil COG- 
tamhated with 1,419 pCi of plutonlurn pcr tram 
of mil? 

Would we bc condemning present and future 
residents md workers and recrcrhnal uscrr of 
the Rocky Flats si& ta join the bcrdcs of  Amn. 
can eilizenc wbo have ken  injured as dorovi3- 
ders exposed to lallout of nuclear-bomb lt6bng. 

tha workers in our atomic plants Illtc rtocky 
h’lrls, and as thc soldiers unfectfngly erparcd lo 
tkc fallout and rpdlatlon following nuclcir wcap 
om tub? llcaven bclp Ibau: Who weft? in’ured 

and 8 dcnio1 of liebilfly. Only reccnlly has our 
gorcmmcbt recognized the Iegilimacy of some ul  
their claims 

JOE GOLDFIK1.I.I) 
Pcnver 

To n pcnon Lhry have been cxporcd to dir b diel 

il=.l ~ . . . 
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Flats . '  8 c1eanup.k-narrowly , . * r;,. ," ;:..,.I ... :' defined 
l y  t lank Slovall. Mary  Har low 
ind LeRoy Moore  

arts 01 Ihc Rocky VIals slle. I 6  
miles norlliwesl nl rcnlral  Ih- 
ver, where lor  ncarly 40 years P nuclear wealinn3 wcrc maniilac- 

liirrtl. are lratlly coiilaiiiiiialcd wil l i  plu- 
tonium. I'lutnniuiii rcrnalw rnilinacllve 
or 240,000 years. A llriy slwk lakrn In- 

'rage lrnckgrounil rarl lull i in level 
!n i t  liecomes liscally a i d  lechnulng- 
lly posslblc la iln llils In an mviron- 
nlally rcsponslble iiianiicr. 'This very 
ngenl delinlllon o l  clean Is more a 
11 l o  move Inward lhan a prescnl pns- 
ilily. Slill, i t  Is l l i e  closes1 we have lo  
ealircsslon of the wishes ul Ihc publlc 
general. 
\ second. very dil lercnt ilelinillon n l  
an was provitlci l i n  Oclnlicr 1996 
cn the I)rlinrlmi*nl 01 F h r g y .  l l ic 
vlrnninrnlal I'rolcclluii Agency nntl 
! Culoradn I)eliarlmenl 01 I'ulillc 
allh and 15nvlrnnincnl ailnplcd lnler- 

slandnrds l o r  "cleanup" 01 l l ie 
cky Flals slle. There slandarils are 
led "radionuclitle soil acllun levels" 

(IIsALs), because cleanup acllon Is lrlg- 
gercil II radlallon In the soil exceeds the 
eslalillshed standard. 

The RSAla speclly how much radlo- 
acllve malerlal IS oll lclally allowed lo  
reinaln In the soil In plcocuries (a inea- 
sure of radiallon) per gram 01 sull. As- 
aunilng the presence also 01 other ratlin- 
active inalerlals 111 the ziill. l l ie l i i lcr in i  
l locky IJlals I1SAl.s allow 651 [ h r u -  
rles 01 Iilulonlum per gram 01 soil. 'lhls 
iiiimlier rclireacnls l l i e  prestlnl nfl lclal 
dcllnllion 01 clean lor  Ilocky Vlals. In 
response lo which a lliird delinilion, tlis- 
cussed below, has eniergcd. 

The In(crlm I lSALs were prolilcmalic 
for several reasons: * 

U They were developed bphlnd closed 
doors. 

To calculale risk from pliilonliim. one 
musl Incus un the iiiosl r x p s c t l  persuns 
In a slluallnn l l i a l  Is  uiiilriilalrly rcalis- 
I l c  over l l ie lnng term or Ihe danger. II 
Is realisllc l o  assume Ilia1 access re- 
slrlcllons l ike lliose nuw in place a l  l l ie 
I locky I4als sile (e.g., lcnccs and slgns) 
wi l l  vanish n l l c r  a l cw gciicralicrns. 
HAC lliiis calctilalcil I l ie risk l o  a lainl- 
l y  I lvl i ig aiicl ranrliiiig on lhn s l k  - a 
lamily l ikcly a l  sniiic l i i i ie l o  cnroii i i lrr 
a catastrophic rangc (Ire l l iu l  roulil re- 
sii l l  In wliulrsale ilisliersiil ul Iiluloiiiuin 
parllcles lell i n  (he soil. 

In whal oiririiinls lo a Iliirtl ileliiiillun 
01 clean, IlhC rcceiilly Issued a prellinl- 
nary rccnininrntlallon l l i a l  Ihc IlSAL 
lor pliilnnliini a1 Rocky Vials be set a l  
10 nlcocurles per Rram u[ sail. 

Thev were adopled anainsl near RAC's numlicr &als 1/65lh n l  lhe 
universai PUIIIIC opposition.- 

rn AI 651 plcociirles per gram lor ~rlii-  
lonlum In soll, they l a r  exceril the 
amoiinl In plcocurlcs pcr Rrain 01 sol1 
allnweil a l  olhcr pliileiiliiiii.rirnlniiilnn1- 
e11 slles - 40 e l  1Snlivelnk, 15 e l  Jnlin- 
slon Alnll, 34 a1 Ilaii lnri l. 200 a l  l l i e  Nc- 
vada Test Sile, 10 lor  llic Llvermure 
Lab. 

In rcspoiise l o  ongoing p ~ l i l l c  nppnsi- 
Ilnn. DOE a reed l o  lund an l n ~ l e ~ ~ e i i -  
den1 sclenlll!c review of lhe calcula- 
llons behlnd the l locky F l a k  IlSA1.s. An 

' ovcrslghl panel of technical spccialisls 
and represenlalives 01 l oca l  govern- 
ment and 01 public Inleresl gruiips was 
lormed. To perform the sliiily, the panel 
hired Risk Assessment Corlriirallon. a 
team 01 sclenllsls well-rrspecled locel- 
l y  lor  11s "llislorlcal I'$)lic Exposure 
Sliiilios on Rocky Flals. 

A l l  Oarlies knew lha l  Ihc year-long 
study could produce a recominendallon 
lha l  lhe IlSALs be revised l o  allow less 
plulonium In ll ie soil. 

651 plcociirles s l a h a r d  adnplcil In 
1996. Ye1 il Is slll l  250 l i incs 11ic avcr- 
aRe backgrniind levcl lo r  plulonliiin 
(0.04 Iilcocurlcs Irrr grain o l  soill aliiiig 
l l ic 1'iiiiiI l luiige of l l ic IltrcklPs. 

'To ailripl I tAC's  I ircl l i i i lnary reconi- 
nienilalion wuuld move cleaiiiip 01 
I locky Flals closer l o  (he I X i i r c  Site 
Use Worklng Group's gnal, and ll woiilil 
resi i l l  In a si lc considernlily clcnner 
lhan  woiil i l  halllien w l l l i  the 1996 
ICX1.s. I h l  cleanup lo  llils level wi l l  

believe I1 Is beller l o  save nioiicy or lu 
clean ll ie I locky N a l s  sile lo a more 
prolecllve level? 
llnnk Slovnll. a fellred en lnaer who Is mnyor 
&to Ism 01 Btootnllold. /!ea been acllva 011 

ocky Flair IsIuna aliica 1973 Mary l l~ l lnw 
aervaa or lhe nocky Finla cwrdlnalor lo Wasl. 
mln.)\er aird co.cIiaIis IIro Radionucildo Soli Ac. 
lion Level Overslghl Penal. LaRoy Moore. (I con. 
aullanl wIIh llie Rocky Mounlsln Penca and 
Jurilce Canlof nnd nulhof 01 Ihe "Clllroii'a 
Gtilde lo nmk FIaIa" 11992). hna sawed on 
aavafsl Rocky kalr sdvlrory bdlca .  

1991 Danvsr Porl1110 pholo 

emonst re to r i  have wanled Rocky Flab closed or a beller process  , conlamlnanls.  
, , ,, ,, . (;*l,~l*:f,, I ..I ,, 1 . I ' I . . '  ' i  ' .""' 

" I , : , 

B y  JeSsle Roberson 
he enorinniis prngress l l i o l  has 
Ccen made In the lasl low y i w r  
In lhe clcaniip n l  I lucky F l a b  T ralscr r lgnl l icanl  iliiealliins: 

What Is  Ihe ull l inale goal o l  the clcan- 
'I 7 l low clean Is clcan riiriiigli l o  salcly 
:Ibse llocky Flals? What are (lie likely 
'iihire tiscs 01 l l i e  slle? I l i iw snle sliuulil 
I be7 Safe enoiigli lor whom? 

A drol l  01 a rcccnl lnilr l ir i i i lci i l  st4p.n- 
.Ilk rcporl on clcniiiili levrls a l  I l w k y  
Y l a l s  may help clarl ly sonic o l  Ilirsc 
Iiiesllons and advance nll icr larEi!r pnll- 
:y Issiies assoclalctl wl l l i  liiilsliiiig l l ie 
Ilocky Flals cleanup on sclieilulc and in 
II manner consislcnl with l l i e  vslues 01 
Ihc communily. 

The d r a l l  study, cnniluclwl hy Il ic 
Rlsk Assessnienl Curlinraliim and nvcr- 
been by an Inilepcnilcnl rninnii inily Iim- 
el .  shows lhal  Ihe l i i lcr in i  clraniip levels 
w l  In 1996 by lhe I)rparlnienl 111 h e r -  
B Y  and I ts regrilalurs wrre aliiriil riglit. 
The RAC rluily essenllally agrees Ihal  
lhe cleanup lcvcls scl Iiy l l ic agciicics 
wl l l  prolecl (he mnsl likely liiliirc iises 
of h e  sile - open space and ligli l  Indiis- 
l r la l  use. The RAC also valiilaled Ihe 
cleanup levels ldenlllletl b the agencies 
l o  orolecl a hvnolhcllcar I i i l i ire rcsl- 

Roborson 
slrciiiinus nhvslcal i 

roposcd clcanup P eve1 on l l i e  lulure 
iiser most scnsl- 
l ive l o  niiy rcsltlu- 
al conlamlnnllon. 
On lhls basis, IlAC 
scl  a level de- 
slgncd l o  prolccl a 
l u l u r e  resldenl 
ra i i c l i c r .  who 
would work nn llie 
Slk Ill11 Illne, 01- 
(en engaged In  

ic l lv i l  . 'I'his end a 
~ e w  oilier isiumlitiuns I ~ Y I ~ A c  to con- 
cliiilc l l i a l  the sale clraniip lor  llie s l le  Is  
alioiil 1/6011i llie level IN15 Is currently 
cleaning lo. 

This rrporl. and any policy recom- 
inenilalioiis coining lrorn l l ie comniunl- 
l y  overslglil paiicl. w i l l  help In mnvlng 
I l ie  ilisciisslon 01 "how clean Is clean" 
lurwnrd. I ) W  lakes lh ls  rcporl srrlous. 
l y  and Is  planning l o  give iI a serious 
review once I1 Is i n  l lnal lorm. 

A I  llils pninl. 1)OI.: caii draw several 
prelliiilnary concluslons: 

Firsl. (he RAC repor1 seems l o  essen. 
l la l ly  valltlale Ihe iiileriin cleanup num. 
hers sel  by UOIZ ani1 11s regiilalors lor  

' Ihe 'anlicipaletl fu lurc land uses 01 
ded, an Imporl6l poinl evcn lhnugli no 
one presenlly Is proposliig residenllal 
use lo r  this sile. 

l rom the current cleanup levds Iiy rec- 
ommendlng agalnsl baslng l l ie I h : k y  
Flals cleanup on prolccllng the i i iosl 
l lkely lu lu re  uses. Inslectil. I lAC siig- 
gesls l ha l  DOE clean l l ie sile l o  be sale 
lor  any poleiillal lulure IIPE, w e n  one 
that Is not consltleretl l lkc lv  bv (lie sur- 

I lucky Flais. DOE lcels some level n l  
vlndlcallon lhal  lo  lhis exlenl. llie work . ',, ., we illil i n  1996 has stood up lo  Indelien- 

Ilowever. Ihe RAC repor l  diverges :' dent scicnlific ScrulinY. 

rounding communlly. IIAC Lased 11s 

'Secuiirl. l l ie  I l A C  rcporl has ldcnllllcd 
nunicroiis arras wlirre more research 
arid dala Rallirrliig are needed. hfosl 
slgnillranlly. I lAC Indicated l l i e  possl. 
b i l i ly  01 n Iiriish fire as a key varlable In 
delerniliiiiig lhe sale level 01 rediluol 
conlaminallnn. l'lie IlAC repor l  has 
dune soiiie iiscful work here. and slrong. 

l y  s u p ~ c s l s  l l inl aililllional rescnrcli is 
'needed l o  assess inorc accurnlcly how 
surh a l i re  wi l l  Inil incl rlcaii i i l i  Icvrls. 
IN15 wlll evaliinlc l l i i s  1i;irI i i f  ltic CC. 
purl very cnrcliilly. 

Tlilrd, lhe IlAC rcporl. Iry prnlinsiiig 
cleaniilr l o  a levcl Iieynnil whal  is 
necded lo  Iirolccl aiillcllialcd lulure us- 
ers (if lhc sllc. wil l  hnpelully in i l ia l r  a 
much nccdrtl ilisciissiirii niiiiing l)OlS. 
oiir rcgiiliilirrs iiiiil Ilia ri i i i i i i i i i i i i ly nvcr 
l l ic guel of l l ic Ilncky I:lnls cleoniilr. 

llcinovlriq sddilloiial lrilliaiilh.q nf a 
curic ul ratlialluii In niake 6,000 acrci of 
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EXECUTIVE SUMMARY 

Thc primary goal of Task 6 is to dcvclop rcconmicndations for a soil sampling protocol for 
use at the Rocky Flats Environtiieiital Technology Sitc (RFETS) to obtain soil coiiccntration data 
for comparison to tlic soil action levels. Sampling protocols arc written descriptions of the detailed 
proccdurcs to bc followcd i n  collccting, packaging, labcling, preserving, transporting, and 
documenting tlic samples. 

Sampling protocols arc dcvclopcd using thc itcrative data quality objcctivc (DQO) process 
and rcquirc the US. Department of Energy (DOE) and its contractor to evaluate scvcral iniportant 
considerations. These considcrations includc evaluating sampling and analytical costs in rclation to 
availablc resources and acccpting potcntial dccision crrors that may rcsult in remcdiating sites that 
are judged containinatcd when they arc actually below tlic soil action Icvels. Converscly, 
devcloping a sampling protocol must also incorporate the concerns of tlic gencral public and other 
stakcholders, u;hich arc rcpresciitcd by the Radionuclide Soil Action Level Ovcrsight Patiel 
(RSALOP) and tlic soil action lcvel study. Bccausc of tlic complexity of dcvcloping sampling 
protocols, with the inherent iiccd to balancc the coiicerns of DOE and the RSALOP, dcveloping a 
coniprchensivc saiiipling protocol was not considcrcd possible. In this report, Risk Assessnient 
Corporalion (IUC) prcscnts rccomiiiciidatioiis for thosc clcincnts of a soil sampling protocol 
considcrcd essential to ciisurc rcprcsciitativc soil saiiiplcs arc collected for coniparison to the soil 
action Icvcls. Thcsc rccoiiiniciidations arc providcd to the RSALOP for prcscntation to DOE and 
its contractor, Kaiscr-Hill Company, for incorporation into tlic soil saiiipliiig protocol and 
proccdurcs to bc uscd for the soil action lcvcl study. 

IUC coiiductcd a rcviciv of the currciit sampling program used at thc RFETS and found that a 
specific sampling protocol for tlic soil action Icvcls study had not becn developcd. Howcvcr, during 
this rcvic\v, scvcral proccdurcs \vcrc idcntificd that arc availablc in the Rocky Flats program for 
incorporation into n sampliiig protocol. Current proccdurcs for packaging, labcling, prcscrving, 
transporting, and docuniciiting the saniplcs tvcrc considcrcd appropriatc for usc in a soil saiiipliiig 
protocol for tlic soil action lcvcls study. Thcrcforc, tlic main emphasis of thc sampling protocol 
rccommciidntions is directcd toward saniplc collection and sampling dcsigns. This rcport revicws 
several incthods currciitl). in  usc at thc RFETS for collccting soil saniplcs. Thc main coiiccrn with 
samplc collection is to ciisurc that rcprcsciitativc samples of tlic surfacc soil (i.c.: 0 to 20-ciii depth 

-based  on the. coiiccptualL iiiodcl for. thc, soil actioii; !c s) arc collected. Soil samplc collection 
protocols inust bc based upon the coiiccptual model uscd to derive tlic sol1 -actiod&cls’.to %Sure- = - - -  

that rcprcsentativc soil satnplcs arc collcctcd. 
This rcport prcscnts rccomii~cndatioiis for a soil sampling protocol to support tlic final status 

survc\’. The final status survcy dctcrniincs tlic filial condition of the site and is pcrfornicd aftcr 
dccontamination activities arc complctc. This survcj. providcs tlic data to denionstrate that 
radioiiuclidc concentrations in soil satisfjf tlic cstablishcd soil action levels. 

Rccoiiiiiicndatioiis for a sampling protocol i n  support of remedial action wcrc not developed 
for the Task 6 rcport. Soil sampling in support of rcnicdial action is an important conccpt, 
ho\vcvcr, a Iargc numbcr of soil saniplcs haw alrcad!; bccii collcctcd for usc in cvaluatiiig tlic 
natiirc and cstciit of coiitaiiiiiiatioii i n  the surfacc soil at tlic RFETS (SCC tlic Task 3 rcport). 
Scvcral studies dctailing tlic iiaturc and cstcnt of contamination i n  the surface soil at the RFETS 
liavc also bccii coiiductcd atid arc available for usc in cvaluatiiig rcmcdial rcquircmcnts. 

The US. Enviroiiincntal Protcction Agency, U.S. Nuclear Rcgiilatoq Commission, DOE, and 
U.S. Dcpartniciit of Dcfcnsc dcvclopcd tlic Milti-Agency Ikdiintion Siit-vcy and Sife Invesligarion 
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Manila1 (UARSSW) (NRC 1997), which providcs detailed guidance for planning, implcmcnting, 
and evaluating environnicntal and facility radiological surveys conductcd to dcnionstrate 
compliance with dose-based soil action Icvcls. The NRC ( 1997) guidancc focuscs on demonstrating 
compliancc based on thc final status survey rcsults. NRC (1997) is thc most comprehcnsivc 
guidance document currently available for dcvcloping radiological surveys. In this rcport, RAC 
uscs thc gcncral principlcs of thc MARSSIM guidancc for developing rcconimcndations for a 
sampling protocol and cniphasizes problcms with applying the MARSSIM guidance to the soil 
action levels at Rocky Flats and potential solutions to thcsc problcms. 

RAC provides scvcral rccomiiicndatiotis in this rcport in  support of dcveloping a surface-soil 
sampling protocol for the final status survcy. Thc following is a general summary of thc 
recommendations with refcrerices to thc report sections that providc additional dctail. IIAC 
recornmends that 

I .  

2. 

3 .  

4. 

5 .  

6. 

7 .  

8 

9. 

I O  

The DQO process be used to dcvclop thc soil sampliiig protocol for thc final status survey 
(Scction 3 .  I). 

DOE appoint rcprcscntativcs from the RSALOP for inclusion on the DQO planning tcam 
(Scction 3 .  I) .  

The RSALOP select discrete values from tlic soil action lcvcl distributions, for each 
radtonucltdc, and use tlicsc discrete valucs for coniparison to the soil conccntratton data 
(Section 3 2) 

Soil samplcs be collected usins profilc sampling (Section 4. I )  

Profile satnplitig be conducted iti soil dcptli incrcnictits of 0-3 cni to be consistent \vith thc 
rcsuspciisioti niodel paranictcrs used to dcvclop tlic soil action lcvcls (Scction 4. I .4). 

Soil saniplcs should not bc composltcd, ratlicr. itidt\ tdual soil saniplcs should bc anal! zed 
for radioiiuclidc contaiiiinants (Section 4 I 6). 

Soil samples be collcctcd using a systematic grid satiipliiig design, \Lit11 a random starting 
point (Scctioti 4.2). 

A statistician faniilinr \vith the RFETS and cnvirotinicntal statistical designs be iticludcd 
on the DQO planning team (Section 4.3) .  

The arithmetic iiicnii of the soil concentration data and its associated unccrtatnt) at tlic 
upper 95% confidence interval bc used for coniparison to thc soil action lcvcls 
(Scctlon 4 3 )  

The MARSSIM (NRC 1997) non-parametric statistical tcsts not bc used for the soil 
action Icvcl stud!. because thcsc tcsts coniparc tlic nicdian value of the sample distribution 
to the soil action Icvels. \Vlicn tlic distribution is iiot sj.ninictrical (Le., skcwd), the 
nicdian is not cqual to thc iiican (Section 4.3.3). 
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V 

1 1. Paramctric statistical tests, bootstrapping, or gcostatistical tcchniqucs bc iiivcstigatcd for 
use in comparing tlic 95% uppcr confidciicc limit  of thc nicm against the soil action 
levcls. The statistical tcsts should bc invcstigatcd during the DQO proccss and chosen 
according to knowledge of tlic arcas to bc saiiiplcd (Section 4.3.3). 

12. Spatial correlations be invcstigatcd to dctcrminc thcir presence in  the survcy unit of 
iiitcrcst and to dctcriiiine if methods arc requircd to improve thc cstitiiate of tlie mean 
based on thc systcniatic grid sampling mcthod (Scction 4.3.4). 

13. Thc null (Ho) and altcniative (Ha) hypothesis arc statcd as Ho: p 2 SAL and Ha: p I 
SAL (Scction 4.3.5) \dicrc p is tlic iiican soil conccntration and SAL is thc soil action 
level. 

14. Thc survcy units bc classificd according to tlic NRC (1997) scliemc and that the size of 
thc survcy units bc liniitcd accordingly (Section 4.6). 

15. hi situ gamma spcctroscopy iiicasurcnicnt bc perfornicd to identify potential hot spot 
locations (Scction 4.7). 

16 Hot spots identified b j  soil samples or iti situ gainma spectroscopy nieasurcnients bc 
investigated fiirtlicr to dcliiicatc tlic size of tlic liot spot and to deterniltie tlic tipper 95% 
confidciicc tiitcrval of tlic nican radionuclidc concentrations coiitatncd i n  thc hot spot 
(Scctloll 4 7) 

I7 That liot spots gtcatcr thnti 100 iii' n i t l i  aritlimctic nicaii soil concentrations at thc uppcr 
95% confidciicc iiitcrval that cwccd tlic soil action Icvcls be rctiicdiatcd (Section 4 7). 

18 That hot spots lcss than I00 ni2 bc arca averaged with soil concentrations i n  a LOO nil 
arca and nrcn \\cightcd to dctcrminc if the uppcr 95% confidence intcrval of thc mcan soil 
concentration c\cccds tlic soil action Icvcls and. tliiis, rcqiitrcs rciiicdiatioii (Scction 4 7) 

~ - --- 
rognti iiicasuCcmciit< t i  the final status -survc> -Thc ratio of _?Am to _ _  

Pu provides a nicclianisiii for tlic i n  situ gamma spcctroscopy nieasurciiicnt of "'Ani 2>9 '4) 

to bc used to prcdict tlic soil conccntrations of "' '''"Pu (Section 4 8)  

e 

20. DOE iniplciiicnt a11 indcpcndcnt vcrification siin'cj. for tlic radionuclidc soil action level 
project. This survey should be performed by an indcpendcnt third party (Scction 4.9). 
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TASK 6: SAMPLING PROTOCOLS 

1. INTRODUCTION 

Soil action lcvels are calculatcd to idcntitjr the concentration of otic or iliorc radiotiuclides in  
the soil above which remedial action should be considcred to prevent peoplc froin rcceiving 
unacceptable radiation doscs. The soil action lcvcls for radiotiuclides calculatcd for thc Rocky 
Flats Environmental Technology Site (WETS) by thc U.S. Departtiicnt of Eticrgy (DOE), U.S. 
Environmental Protcction Agcticy (EPA), and the Colorado Dcpartnicnt of Public Hcalth and 
Environment (CDPHE) are being reevaluated becausc of public cotieern and interest in  the mcthods 
previously used and recormiiended soil action lcvcls proposed. A Radionuclidc Soil Action Lcvcl 
Oversight Panel (RSALOP) was establishcd and a contractor hired to conduct an indcpcndent 
assessment and calculate soil action levels for the Rocky Flats site. Risk Asscssmcnl Colporc~tion 
(RAC) was hired to perform the study, The- Rocky Flats Citizcn’s Advisory Board is administcring 
a grant providcd by DOE for the review. 

The primary goal of Task 6 is to devclop rccommetidatiotis for a soil sampling protocol for 
use at WETS in support of the soil action levcl study. Saiiipling protocols arc w i t t c n  descriptions 
of the dctailcd proccdures to be followcd ’ in collccting, packaging: labeling, prcscrving, 
transporting, storing, and documenting the saniplcs (Kcith I99 I ) .  Thc readcr is rcfcrrcd to thc 
EPA’s guidancc docutiicnt on “Prcparatioti of Soil Sampling Protocol: Tcchniqucs and Strategics” 
for an elcmcntary discussion on sampling protocols (EPA 1983). 

Sampling protocols arc developed using tlic iterative data qualit\: ob-jccti\,c (DQO) proccss 
and require thc US. Dcpartnicnt of Eticrgy (DOE) and its contractor to cvaluatc sctwal important 
considerations. Thcse considerations includc cvaluating sanipling and atialytical costs in rclation to 
available resources and accepting potciitial decision crrors that may result in rcnicdiating sites that 
are judged contaminatcd whcn they arc actually bclo~v tlic soil action Icvcls. Conversely, 
dcveloping a satiipling protocol niust also incorporate thc conccrns of tlic general public and other 
stakeholdcrs, which arc rcprcsctited by the RSALOP and tlic soil action lcvcl stud!.. Bccausc of tlic 
complesity of dcveloping sampling protocols, with the inlicrcnt nccd to balatlcc thc coticcriis of 

-= DOE =and the RSALOP,; dcveloping~ a_co!iiprehcnsivc ~ i _  ~ ~~ ~ ~~ ~.~ satiipling ~ ~~ protocol \vas not considered 
possible. I n  this rcport, IUC prcscnts rccouinictidations for those ~il&iiciXs ~of-a=soil ~=sampIing= -= ~~ -~- =. 

protocol considered essciitial to ensure representative soil samplcs are collcctcd for comparison to 
the soil action levcls. Tliese recommendations arc providcd to thc RSALOP for prcscntntion to 
DOE and its contractor, Kaiscr-Hill Company, for incorporation into thc soil satiipling protocol 
and proccdurcs to be used for tlic soil action lcvcl study. 

Tlic primary conccm of this rcport is to develop rccommctidations for the dcsigi of sitc- 
specific surface soil sampling proccdurcs that cnsurc rcprcsctitativc saniplcs aIc collcctcd to 
dctcrmine soil action levcls. Soil sampling protocols must bc bascd upoti tlic conceptual tiiodcl used 
to derive the soil action levels to ensure that rcprcscntativc soil samplcs arc collcctcd. For cxatilplc, 
the depth to which a saniplc is takcn ma!. affect the mcasurcd concentration if the radionuclidc is 
dcpositcd in  thc top few eentinicters. Under sonic circumstanccs, avcraging over the top I5 cni 
(approsiniately 6 in.)  is appropriatc if the csposurc patlnuay of coticcrti is ingcstioti of food raised 
in the arca. Ho\vcvcr, averaging may uiidcrcstiniatc thc potciitial dose if the exposure patli\\:a>. of 
conccrn is soil ingestion or inhalation of rcsuspcndcd dust (SAB 1997). 

. 
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This report presents rccommciidations for a soil sanipling protocol to support the final status 
survey. The final status survcy detcnnines the final condition of tlie site and is pcrfornicd aficr 
decontamination activities (if required) are complete. This survey provides the data to demonstratc 
that radionuclide concentrations in  soil satisfp the established soil action levels. This survey is also 
referred to as a termination survcy, post remcdial-action survey, and final survcy. 

Recommendations for a sampling protocol in support of remedial action wcre not dcvelopcd 
for the Task 6 report. Soil sampling in support of rcniedial action is an important concept; 
however, a large nunibcr of soil samples havc already been collected for use in evaluating thc 
nature and cstent of contamination in the surface soil at the RFETS (see the Task 3 rcport). 
Several studies detailing the nature and extent of contamination in the surface soil at the RFETS 
have also been conductcd and are availablc for use in evaluating renicdial rcquircments. This is not 
to imply that no further surface soil studies should be conducted at RFETS i n  support of rcmedial 
design. In fact, as noted i n  this report, additional studies should bc conductcd for uranium 
contamination in the surface soil at RFETS. Ho\vever, IUC and RSALOP concurred that tlic 
emphasis of this report should be placcd on the final status survey. 

The soil sanipling protocol rccomnicndations presented in this rcport are based on tlic 
conceptual model, parameterization, and assuniptions used to develop the soil action lcvcls 
presented in the Task 5 report. The conceptual model for tlie soil action levels (Task 5 )  rcport is 
based on the surface soil (0 to 20 cm) layer. Thcrcfore, thc recoriiiiieiidatioiis prescntcd i n  this 
report are not applicable to subsurface soil layers that niay be of concern for evaluating sourcc 
invcntories for use in groundwater transport models. Future work by the Actinide Migration Pancl 
may indicatc that groundwater transport and sceps to surfacc water arc iniportant proccsscs at thc 
RFETS. This finding would rcquire that a sanipling protocol bc dcveloped for application to 
subsurface soil layers ( i c ,  > 20 cm). 

The EPA, NRC, DOE, and DOD have dcvelopcd r/?c Mdri-Ayaicy Rodiolion Szsili*vc~~ orid 
Sire Invesrigarion Minim/ (MA/SSlM) (NRC I997), which provides detailcd guidaiicc for 
planning, iniplementing, and cvaluating environmental and facility radiological survcys conductcd 
to demonstrate compliance w i t h  dosc-bascd soil action Icvcls. The MARSSIM guidancc focuscs on 
dcmonstrating compliance during tlic final status survcy following scoping, cliaractcrization, and 
any necessary rcmcdial actions. Thc MARSSIM (NRC 1997) is thc most coniprchcnsivc guidancc 
document currently available for thc dcvelopmcnt of radiological survcys. DOE and tlicir sitc 
contractor, Kaiscr-Hill Company, have used the MARSSIM guidance for usc in final status 
surveys of building contamination. Therefore, IUC rccoiiiniends that the final status survcys 
conductcd at RFETS follo\v the general principles provided i n  tlie MARSSIM guidance for the soil 
action level project. I n  this rcport, RAC has used the gcncral principles of thc MARSSIM (NRC 
1997) guidance to dcvelop rccomniendations for a sampling protocol. The MARSSIM guidancc 
and methods should not bc uscd blindly as a rccipe for final status s u n q s .  IIAC proiridcs an 
emphasis i n  this rcport on problcms identificd \vith tlic MARSSIM guidancc in tcrms of application 
to the soil action levels at Rocky Flats and potcntial solutions. 
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2. REVIEW OF THE ROCKY FLATS SOIL SAMPLING PROGRAM 

RAC conducted a review of the current sampling program and procedures used at the 
RFETS to determine elements of the current program available for use and incorporation into the 
final status sampling protocol. We reviewed quality assurance (QA) requirements, standard 
operating procedures (SOPs), and individual site sampling and analysis plans. This section 
summarizes the sampling program and procedures currently used at Rocky Flats. 

A soil sampling protocol for specific application to the soil action levels was not identified 
during this review. Because a soil sampling protocol directly addressing the sampling 
requirements and associated data needs for comparison to the soil action levels has not been 
developed for use at Rocky Flats, this review makes no attempt to evaluate the quality of such a 
sampling program. The review was conducted to identify the program elements and procedures 
available for use in developing a soil sampling protocol for the soil action levels. 

RAC identified several procedures currently used at the WETS that can be used to develop a 
soil sampling protocol. Overall, the administrative and field procedures were considered to be 
technically sound and based on standard industry guidelines. However, soil sampling methods 
available at Rocky Flats were not considered adequate for ensuring that representative samples 
are collected for the soil action level project. 

The documented sampling program at the RFETS is based on the present guidelines and 
requirements of the American Society of Mechanical Engineers (ASME) NQA- 1 (ASME 1989); 
DOE Order 5700.6~ (DOE 1991); DOE Order 5400.1 (DOE 1989); EPA guidance for 
Comprehensive Environmental Response, Compensation, and Liability Act sites (including the 
DQO process) (EPA 1994a); and EPA, NRC, DOE, and DOD’s Multi-Agency Radiation Survey 
arid Site Investigation Manual (MARSSZW methodologies (NRC 1997). Soil sampling programs 
at the RFETS are largely based upon EPA’s Comprehensive Environmental Response, 
Compensation, and Liability Act guidance, which has been adopted, in  part, by NRC ( 1  997). 

2.1 Quality Assurance Project Plan 

The overall soil sampling QA program document for the RFETS is contained in the quality 
~ - .  assurance project plan (QAPjP), wllich i s  titled Rocky Flats Plant Environmentul hfcinugetnent _ ~ -  

-~ Site-Wide QA Project Plun (EG&G Rocky Flats 1994a) This QAPjP meets the requirements Set- - -  

forth i n  the following guidance and regulatory documents: 
EPA QAMSlOO5180, Iriteritii Guidelines and Specifications for Preparing Quulity 
Assurance Project Plans (EPA 1980a) 
DOE Order 5700.6c, “Quality Assurance” (DOE 1991) 
DOE Order 5400. I ,  “General Environmental Protection Program” (DOE 1989) 
ASME NQA- 1, Quality Assurance Program Requirements for Nuclear Facilities 
(ASME 1989). 

The QAPjP describes the policy, organization, functional responsibilities, and QA 
requirements for programs at RFETS. I n  addition to the QAPjP, SOPs at Rocky Flats describe the 
field techniques to be used during soil sampling field investigations at the RFETS. The SOPs, 
together with the QAPjP, form the RFETS sampling and analysis plan. 
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In addition to the QAPjP and SOPS, the QAPjP requires developing operable unit-specific 
work plans or field sampling plans. Operable unit is a term used by the EPA to identify specific 
contamination areas to be considered as one uni t  for an assessment. Work plans describe how 
each operable unit will be characterized and include specific operable unit background 
information, sampling objectives, sample locations, and minimum frequency for each task or 
operat ion. 

The QAPjP also requires that each work plan be accompanied by a QA addendum. The QA 
addendum outlines the site- or operable unit-specific measures to be taken to meet the QA 
requirements in the QAPjP and references the SOPs to be followed during the investigation of a 
specific operable unit. In  addition, specific SOPs may be developed for desired variations in the 
standard SOPs that are necessary for specific tasks in a particular operable unit. 

The QAPjP also provides guidance on QA for soil sample data quality indicators (DQTs). 
Table 2- 1 gives the minimum frequency requirements set forth in the QAPjP. 

Table 2-1. Quality Control Sample Minimum Collection Frequency a t  the RFETS 

Activity Frequency 
Field duplicate 1 in20 
Field blanksa 
Trip blanks 

As specified in work plan/QA addendum 
As specified in work plan/QA addendum 

Equipment rinse blanks 
Other quality control activities 

a According to the QAPjP, the use of field blanks for soil and sediment sampling at the RFETS is not 

1 i n  20 or once per day, whichever is more frequent 
As specified i n  work plan/QA addendum 

appropriate because of the lack of commercially available blank soil and solid materials that adequately 
reflect the various soil types encountered. Developing blank soil types within the Rocky Flats Plant region 
is not practical because of the subjectivity of characterizing background soil conditions and variability of 
soil types. 

2.2 RFETS Standard Operating Procedures 

The SOPs at the RFETS for soil sampling are contained in two main procedural documents: 
( I ) Environniental Management Adtninistrative Procedures, Manual No. 3-2 1000-ADM and 
(2) Environmental Management Division (EMD) Operating Procedures, Manual 
N O .  5-2 1000-OPS, 

2.2.1 Environmental Management Administrative Procedures 

The EG&G Rocky Flats Environtnental Management Adtninistrative Procedures, Manual 
No. 3-2 1000-ADM, contains administrative-level procedures. These procedures provide the 
requirements for developing QA addenda, procedures, forms, and records management. 
Table 2-2 identifies procedures that are directly related to the topic of soil sampling at the 
RFETS. 
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Table 2-2. RFETS Administrative Standard Operating Procedures Related to Soil Sampling 

Procedure 
number Procedure title 

3.04 
5.0 1 Procedure Development 
5.03 - RCRA Facility Investigation (RFI)/Remedial Investigation (RI) Work Plan 

5.08 Forms Control 
6.0 1 Document Control 
8.0 I 
17.0 1 

Control of Quality Assurance Addenda (QAA) Development 

Development 

Control and Identification of Samples and Data 
Quality Assurance Records Management 

2.2.2 Environmental Management Operating Procedures ’ 

Environmental Management Division (EMD) Operating Procedures, Manual No. 5-2 1 000- 
OPS, consists of several volumes of SOPs. Volumes that are pertinent to soil sampling include 
Volume I: Field Operations, Manual No. 5-2 1 000-OPS-FO, and Volume 111: Geotechnical, 
Manual No. 5-2 1000-OPS-GT. These SOPs are provided to the field personnel and describe the 
procedural steps required to complete a specific task. Table 2-3 lists the procedures in these 
volumes that are pertinent to soil sampling at the RFETS. 

Table 2-3. RFETS Standard Operating Procedures Related to Soil Sampling 

Procedure 
niim ber Procedure title 

F0.03 General Equipment Decontamination 
FO. I O  
FO. 13 
FO. I8 

Receiving, Labeling, and Handling Environmental Materials Containers 
Containerization, Preserving, Handling and Shipping of Soil and Water Samples 
Environmental Sample Radioactivity Content Screening 

~ ~- - - - -  -~ - -_ - ~ _ _  ~- GT.08 Surface Soil Sampling = - -  - 

GT. 1 7 Land Surveying 

2.3 RFETS Analytical Laboratory Requirements 

The EGdG Rocky Flats Generul Radiochemistry and Routine Analytical Services Protocol 
(GRRASP) provides the procedures for analytical laboratory work at Rocky Flats (EG&G Rocky 
Flats 1994b). Technical requirements in the GRRASP specify the methods to be used, required 
detection limits, and deliverables necessary. 

The analyses of radionuclides at the RFETS are conducted in accordance with the standards 
and guidance set forth i n  the following documents: 

Test Methods for  Evulualing Solid Waste (EPA 1986) 
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Radiochemical Analytical Procedures for Analysis of Environmental Saniples 
(EPA 1979) 
Interim Radiochemical Methodology for Drinking Water (EPA 1976) 
Prescribed Procedures for Measurement of Radioactivity in Drinking Water 
(EPA 1980b) 
Standard Methods for the Examination of Water and Wastewater (APHA 1989) 
Eastern Environmental Radiation Facility Radiochemistry Procedures Manual 
(EPA 1984) 
Methods for  Cheniical Analysis of Water and Wastes (EPA 1974) 
Procedures for Radiochemical Analysis of Nuclear Reactor Aqueous Solutions 
(EPA 1973) 
The Procedures Manual of the Environmental Measurements Laboratory (DOE 1997) 
U.S. Nuclear Regulatory Commission Regulatory Guides. 

Laboratory method detection limits and DQOs are provided in Appendix B of the QAPjP 

2.4 RFETS Data Validation Requirements 

Functional guidelines for validating most radiochemistry data have not been published by 
EPA; however, data validation functional guidelines, applied directly from EPA Contract 
Laboratory Program, have been established for the RFETS. The functional guidelines used to 
validate analytical data at the RFETS include 

Laborarory Data Validation Ftrnctioncil Giridelines for Evaluating Organic Analyses 

Laboratory DatN Validation F~rnctional Guidelines for Evalrrating Inorganic Analyses 

Water Qiialiry Pwanietric Data Validution Guidelines (EG&G Rocky Flats 1990a) 
Rridiochetnical Data Vulidation Guidelines-Tritiuni Analysis by Liquid Scintillation 

Radiocheniical Data Valirlat ion Girirlt.lines-Isofopic Analyses by Ganuna Spectroscopy 

Radiocheinical Dara Validation Guidelines-Gross AlphdBeta by Gas Proport ional 

Ru~liochonical Data Validution Guidelines-Isotopic Analyses by Alpha Spectroscopy 

(EPA 1988a) 

(EPA I988b) 

(EG&G Rocky Flats 1990b) 

(EG&G Rocky Flats I99 1 ) 

Counfers (EG&G Rocky Flats I990c) 

(EG&G Rocky Flats 1990d). 

Laboratory quality control (QC) procedures are i n  place for radiochemistry. The laboratory 
QC procedures and samples used are described i n  detail in the analytical methods cited in the 
GRRASP. 

2.5 WETS Soil Sample Collection Protocols 

Soil sample collection protocols used at the RFETS are described in EMD Operating 
Procedure GT.08, Manual No. 5-2 1000-OPS-GT, Volume 111: Geotechnical. This operating 
procedure describes the surface (near-surface) soil sampling procedures in use at the RFETS. 
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Near-surface soil is defined in the SOP as those soils between the ground surface and 1 m (3.3 ft) 
i n  depth. The procedure states that 

The purpose of surface soil sampling at the RFETS can be related to one or more 
specific objectives. These are as follows: 1 )  resuspension availability, which determines 
if radionuclides are present in the top-soil that could become resuspended in the air and 
thus pose a migration pathway by inhalation; 2) deposit inventories, which determine 
the amount of accumulated radionuclides deposited on the ground; 3 )  distribution of 
contaminants, which defines the areal distribution of contaminants; and 4) deposition 
increment, which defines the areal distribution with depth of radionuclides in the top 15 
cni (6 inches) of soil to verify the results of the Hyper-pure germanium (HPGe) 
surveys. 

. 

To meet these objectives, four radionuclide, surface soil sampling methods are used at the 
RFETS: ( 1 )  CDPHE method, designed to sample for resuspension availability, (2) Rocky Flats 
method, designed to sample for deposited inventories, (3) grab sampling (spade and scoop) - 

method for under asphalt or concrete or where contamination may have occurred from a given 
point source, designed to sample for contaminant distribution, and (4) vertical soil profile 
method, designed to sample for deposition increment. 

2.5.1 Colorado Department of Public Health and Environment Method 

The CDPf-IE sampler is one method for collecting soil samples for radionuclide analyses at 
thc RFETS. The CDPHE sampler was designed to sample radionuclides i n  the topsoil that could 
become resuspended i n  the air and, ~ I I L I S ,  pose a migration pathway and exposure via inhalation. 
The sampler was designed to obtain a sample from the upper surface % in. deep, from an area 2 
in.  wide and 2-3/8 in. long. Figure 2-1 is a drawing of the CDPHE soil sampling device. e 

I Y O n t E n d  
B a ckend 

- 

Rolled Edge 11‘4 in. 

I TEMPLATE SPADE 

Figure 2-1. CDPHE soil satnplirlg device. The sampler is designed to sample 
from the upper % in. of soil. 
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Vegetation and any undesirable top layer of surficial material are removed. The CDPHE 
template is placed on the ground so that the soil surface is even with the upper surface of the 
sampling template. The sampling spade is placed at the backend of the template, and the front 
edge of the spade is placed into the soil % in. deep. The sampling spade is drawn toward the front 
of the template to obtain the surface soil sample. The spade is again placed in the sampling hole 
and drawn forward to ensure that the % in. soil sample has been obtained. The soil sample is then 
placed into a sample container. 

The total number of samples and their locations are specified in the site-specific field 
sampling plans for each project. A specific number of samples are collected and composited from 
within each sample plot. The sample locations are described by an evenly spaced grid. 

2.5.2 Rocky Flats Method 

The Rocky Flats method is used to determine the amount of accumulated plutonium that has 
been deposited on the ground. This determination is accomplished by collecting a sample volume 
of 5000 cm3 of soil in situ. The Rocky Flats jig outlines a square area with IO-cm sides and is 
driven 5 cm into the soil to cut three sides of the sampler (see Figure 2-2). At the fourth side, soil 
is removed from outside the jig’s perimeter. The scoop is used to finish the cut on the fourth side 
(open face) of the sample and the bottom surface. 

Ten sainples are collected at each location and composited. These 10 sainples are collected 
at the center and corners of two I-in squares that are spaced I m apart. Figure 2-3 illustrates this 
saniple collection spacing. The soil samples are passed through a IO-mesh metal sieve to remove 
large particles (such as cobbles and stone) that do not pass through the sieve. After sieving, the 
IO soil samples are cornposited, mixed, and quartered to obtain a sample for laboratory analysis. 

Figure 2-2. Rocky Flats soil sampling device. The device is designed to sample 
a 5 cni depth. 
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;igure 2-3. Rocky Flats soil sampling location spacing. 

2.5.3 Grab Sampling Method.(Spade and Scoop) 

Surface soil samples can be collected for radionuclide analyses using grab sampling (spade 
and scoop) methods at RFETS. The vegetation and any undesired surficial material are removed 
from the area to be sampled. The soil sample is then collected to the desired depth using a 
stainless steel spoon or scoop. 

The total nutnbcr of samples and sample locations are specified in  the site-specific field 
satnplitig plaiis. 

2.5.4 Vertical Soil Profile Method 

The vertical soil profile sampling at the RFETS defines the distribution of radionuclides in  
the top 6 i n  of soil to verify the results of the HPGe surveys. This sampling is accomplished by 

- ~ collecting discrete soil samples at 2-in. intervals corresponding to depths from 0-2 in., 2-4 in., 
and 4-6 i t <  Satliplit<<of 2 i i i1i- i  required to define the extent of radiological contatnjnation - _  within 

- -  - _  

- _  
discrete laycrs of the surface soil. Four RFETS procedures are used to obtain these samples-( 1)  
collection from the surface downward, (2) collection from the side wall of a small excavation, (3) 
collection by coring, and (4) collection from beneath concrete and asphalt pavement. The total 
nuinber of samples to be collected and their locations are specified i n  site-specific field sanipling 
plans. A sample of approximately 500 g is obtained for each soil profile interval. 

Soil sampling is required for in situ gamma spectroscopy surveys using HPGe detectors. In  
general, the depth distribution needs to be investigated io ensure that the correct paranieters are 
used i n  the conversion from instrument count rate to soil concentration. As an example (from 
N U  REG- 1506, iMecisrit-enient Methods for Rudiologicul Surveys in Stipporl of New 
Decotiiiriissionirig G‘riteriq Drrft Report for. Coirlirzent WRC I995a]), for undisturbed soils a 
negative exponential profile with depth has frequently been found to be an adequate model for 
deposited radionuclides, that is 

(2- 1 )  
- ZP s = S,e 
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where S is the activity per uni t  volume of soil (pCi cm-3) at deptiiz (cm), So is the activity per 
unit volume at the soil surface (pCi cm-3), a is the reciprocal of the relaxation length of the 
exponential distribution (cm-I), and p is the bulk density (g cm-’). This expresses tlie profile in 
terms of tlie soil mass per uni t  area, p z (g cm-2), with the degree of penetration into tlie soil 
represented by the depth parameter alp (cm2 g-1). This type of profile has the inaximum 
concentration at the soil surface ( S o )  and decreases with depth. If the value of alp approaches 
infinity, the source distribution approaches a plane atop the ground, and if alp equals 0, the 
source distribution is uniform with depth. As an example, assume a soil density of I .5 g cin-3 and 
an alp value of 0.2 cm2 g-1 (which is a typical value for an aged fallout deposit). The 
corresponding relaxation depth for the exponential profile would be 3.33 cm, meaning that the 
concentration would be reduced to I/e or 37% of the surface value at this depth. For in situ 
measurements, the value of alp can be determined from the analysis of soil samples from 
different depth increments. The fraction of the total activity below a given depth (log value) can 
be plotted versus the mass depth, p z .  The slope of the line is then the value of alp. 

2.6 Summary of RFETS Soil Sampling Program Review 

RAC conducted a review of tlie current sampling program and procedures used at the 
RFETS to determine elements of tlie current program available for use and incorporation into the 
final status soil sampling protocol. RAC identified several procedures currently used at the 
RFETS that can be used to develop a soil sampling protocol. Overall, the adniinistrative and field 
procedures were considered to be technically sound for their intended purpose and based on 
standard industry guidelines. 

Field proccdurcs liave bceii developed for use at tlie RFETS that provide field personnel 
with the required docutneiitatioii for perforining assigned field duties and studies. Standard 
procedures are in  place that document the steps necessary to containerize, label, and ship samples 
to the laboratory. I n  addition, the procedures address such issues as equipment decontamination, 
sample location determination using standard survey and global positioning systems, and 
documentation of the survey process, including saiiiple cliaiii of custody. These procedures are 
considered to be technically sound and acceptable for use i n  a soil sampling protocol for the soil 
action levels. 

Four protocols for surface soil sample collection used at Rocky Flats are discussed in 
Section 2.5. RAC does not consider these collection protocols adequate for ensuring the collection 
of representative samples for coinparison to the soil action levels. Therefore, this report places a 
major emphasis on recomnieiidatioris for collecting representative samples for comparison to tlie 
soil action levels. 

Draft Final a 



Task 6: Sampling Protocol Recommendations 1 1  
Draft Final Report 

~~ ~~ ~ ~~ 

3. SAMPLING DESIGN DEVELOPMENT PROCESS 

This section discusses the process to develop soil sampling studies and associated protocols.. 
Tlie MARSSIM recommends the use of the DQO process for the planning, development, and 
implementation of radiological surveys (NRC 1997). 

3.1 Data Quality Objective Process 

The process of planning a soil sampling study, implementing the sampling plan, and 
assessing the sampling results before making a decision is called the data life cycle. Soil sample 
survey planning uses the DQO process to ensure that the sampling results are of sufficient quality 
and quantity to support the final decision. 

3.1.1 Data Quality Objectivc Process Description 

The DQO process is described in detail in EPA (l994a) and NRC (1997). Tlie DQO process 
consists of seven steps as shown in Figure 3- 1.  

I I s-rw 1 :  STATE T H E  PROBLEM 

1 
I STEP 2:  IDENTIFY TI-IE DECISION I 

1 
STEP 3: IDENTIFY I N P U T S T O  DECISION 

STEP -1. DEFINE T H E  S T U D Y  BOUNDARIES 
~ - - .  - = -  

~- - - _  -~ 

I I STEP 5: DEVELOP A DECISION RULE 

I STEP 6: S P E C I F Y  Llh4ITS O N  DECISION ERRORS I 

STEP 7: O P T I M I Z E  
T H E  DESIGN FOR 
OBTAINING D A T A  

Figure 3-1. l’he data quality objectives process (from EPA 1994a). 

Altliougli tlic DQO process appears to be linear, the actual process is iterative. During 
dccisioiis in the proccss, DQOs it1 previous stcps may nced to be reconsidered or redefined. This 
iteration is encouraged becausc it ultimately leads to a tilore efficient survey design (NRC 1997). 
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Planning radiological surveys using the DQO process can improve the survey effectiveness 
and efficiency and, thereby, the defensibility of decisions. It also can minimize data collection 
expenditures by eliminating unnecessary, duplicative, or overly precise data. The use of the DQO 
process assures that the type, quantity, and quality of environmental data used in decision-making 
will be appropriate for the intended application. I t  'provides systematic procedures for defining 
the criteria that the survey design should satisfy, including when and where to perform 
measurements, tlie level of decision errors for the survey, and how many rneasurenients to 
perform (NRC 1997). 

The following discussion provides a brief introduction to the DQO process. The reader is 
referred to the MARSSlM (NRC 1997) for a full discussion on the DQO process and its use in 
survey planning. 

Step 1. State the Problem 

The first step in any decision-making process is to define the problem so that the focus of 
the survey will be unambiguous. Four activities are associated with this step: 

Identifying members of the planning team and stakeliolders 
Identifying the primary decision maker or decision-making method 
Developing a concise description of the problem 
Specifying available resources and relevant deadlines for the study. 

The expected outputs of this step are 
A list of the planning teain members and identification of the decision-maker 
A concise description of the problem 
A summary of available resources and relevant cleadliries for tlie survey. 

The planning teani clarifies and defines tlie DQOs for a site-specific survey. This 
multidisciplinary teain of technical experts offers the greatest potential for solving problems 
when identifying important aspects of a survey. Includi~ig representatives from stakeholder 
groups is an important consideration when assembling this teain. Once formed, tlie teain can also 
consider the role of public participation for this assessnieiit and the possible survey to follow. 

A concise description of the problein must be specified during this step. A description of tlie 
problem would typically involve the release of all or some portion of tlie RFETS that 
demonstrates compliance with tlie soil action levels. Tlie resources and deadlines for the surveys 
would need to be addressed by DOE and their site contractor, Kaiser-Hill Company. 

Step 2. Identify the Decision 

This step defines tlie question that the survey will attempt to resolve and identify alternative 
actions that may be taken based on the outcome of tlie survey. The combination of these two 
elements is called the decision statement. 

Four activities are associated with this step in the DQO process: 
Identifying the principal study question 
Defining the alternative actions that could result from resolution of the principal study 
quest ion 

0 '  
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Combining the principal study question and the alternative actions into a decision 
statement 
Organizing multiple decisions. 

The expected output from this step is a decision statement that links the principal study 
question to possible solutions to the problem. 

Step 3. Identify the Inputs to the Decision 

This step of the DQO process determines and specifies the information needed for the study 
and data to support a decision concerning the survey unit. Collecting data or information is 
necessary to resolve the decision statement. For the final status survey, the list of information 
inputs will involve measurements of the radioactive contaminants of concern in  the soil. 

The activities included i n  this step of the DQO process include 
Identifying the information required to resolve the decision statement 
Determining the sources for each item of information 
Confirming that appropriate measurement methods exist to provide the necessary data. 

Step 4. Define the Boundaries of the Study 

During this step, tlic DQO planning team devclops a conceptual model of tlie site based on 
existing information. Tlic conceptual model for the soil action levels has been developed and 
documented by RAC i n  thc Task 2, 3, and 5 reports. The conceptual model is used by tlie DQO 
planning team to define tlie spatial and temporal boundarics of the sampling study. I t  is very 
important that the conceptual model and assuniptions used to develop tlie soil action levels arc 
considered during the DQO process. 

During this step, the spatial boundaries that will be covered by tlie decision statement are 
defined. These considerations include spatial boundaries 

That define the pliysical area under considcratioii for release 
That define the pliysical area to be studied and locations where measurements could be 

- 
- -  performed ~ ~- 

~- 

- - _  - --. -~ Developed from modeling used to calculate the soil a2tibn levels. - = = . _  

For the final status survey, the smallest, most appropriate subsets of the site for whicli 
decisions will be made are defined as survey units (see Section 4.6.4). 

Step 5. Develop a Decision Rule 

This step defines tlic statistical paranietcr of interest, specifies tlie soil action levels, and 
integrates previous DQO outputs into a single statcment that describes a logical basis for 
choosing among alternative actions (NRC 1997). 

Three activities are associated with this step: 
Specifying rhc statistical paramcter that cliaractcrizcs tlie parameter of intcrcst 
Specifying the soil action levels for tlic study 
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Combining the outputs of the previous DQO steps into an “if, then” decision rule that 
defines the conditions that would cause the decision-maker to choose among alternative 
actions. 

The expected outputs of this step are 
Specification of the parameter of interest that characterizes the level of residual 
radioactivity 
Specifications of the soil action levels 
An “if, then” statement that defines the conditions that would cause the decision maker 
to choose among alternative actions. 

0 

0 

The parameter of interest is a descriptive measure (such as a niean or median) that specifies 
the characteristic or attribute of the residual contamination in the survey unit. The specification of 
the parameter of interest that characterizes the level of residual radioactivity is very important for 
the soil action level project. The technical basis and recommendation for the statistical parameter 
of interest is discussed in  detail in Section 4.3. 

Step 6. Specify Limits on Decision Errors 

The following steps are involved in setting acceptable probabilities for decision errors 

Defining false positive and false negative errors for tlie decision and describing the 
consequences of each type of error 
Evaluating these consequences according to the relative level of concern they ivould 
cause, with emphasis on the environment, public Iiealtli, economics, and social 
consequences 
Determining if false positive or false negative errors are of greater concern 
Establishing, with the assistance of a statistician, an acceptable probability for h e  
occurrence of each of these errors 
Combining the probability statement into a foriiial statement of the levels of uncertainty 
that can be tolerated in the results 

(EPA 1992): 

Reviewing the decision rule. 

During this step of the DQO process, the nu l l  and alternative Iiypotliesis must be chosen 
along with acceptable probabilities of decision errors. Hypotheses and decision errors are address 
in Sections 4.3.4 and 4.3.5 of this report. 

Step 7. Optimize the Design for Obtaining Data 

This step is designed to produce the most resource-effective survey design that is expected 
to meet the DQOs. I t  will be necessary for the DQO planning teain to work through this step 
more than once after revisiting previous steps in the DQO process. 

Six activities are included i n  this step: 
Reviewing tlie DQO outputs and existing data to ensure they are internally consistent 
Developing general data collection design alternatives 
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Formulating the mathematical expressions needed to solve tlie design problem for each 
data collection design alternative 
Selecting the optimal design that satisfies the DQOs for each data collection design 
alternative. If the recommended design will not meet the limits on decision errors within 
the budget or other constraints, then the planning team will need to relax one or more 
constraints, such as 
- 

- 

- Changing the boundaries 
- 

Increasing the budget for sampling and analysis 
Increasing the decision error rates 

Evaluating alternative measurement techniques with lower detection limits or lower 
survey costs 
Considering the use of passive controls when releasing a survey unit rather than 
unrestricted release 

- 

0 

0 

Selecting the most resource-effective survey design that satisfies all the DQOs 
Documenting the operational details and theoretical assumptions of the selected design 
in the QAPjP, the field sampling plan, and sampling and analysis plan. 

Section 4.2 presents recommendations on the sampling design and mathematical 
expressions. 

3.1.2 Recommendations 

0 RAC recommends that Kaiser-Hill Company, current operating contractor of the RFETS 
for DOE, use the DQO process as identified i n  their sampling program and QAPjP to 
develop the final status soil sampling protocol. 

RAC recommends that DOE appoint representatives from the RSALOP for inclusion on 
the Kaiser-Hill Company DQO planning team. This is an important recommendation to 
ensure that stakeholder concerns are addressed i n  developing tlie sampling protocol and 
an acceptable sampling protocol for tlie final status survey is developed. The 

that Kaiser-Hill C ny has the input  of repregen that were directly involved in. = ~ - 

developing tlie soil action levels. The inclusion of RSALOP representatives on the DQO 
planning team is necessary to ensure tliat decisions that may rcsult i n  deviations from tlie 
recommendations provided i n  this report include the technical inpu t  and acceptance of 
stakeholders and the general public, represented by the fISALOP. 

~- ~- - - -  _ _  - -  - - -appointment of R OP- representatives on the lannirig team will also ensure 
- -. -- 

3.2 Soil Action Levels 

3.2.1 Development Method 

RAC is conducting the pathway modeling for tlie radionuclide soil action levels considering 
parametric uncertainties. I n  other words, uncertainty in tlie values of specific model parameters 
are considered by assigning a probability distribution to cacti paraincter that is treated as 
uncertain. Parainetric uncertainty is concerned with propagating unccrtniiity in parainetcr values 
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through the simulations to the resulting estimates of concentrations in exposure media or to dose, 
typically using Monte Carlo techniques. The procedure produces an uncertainty distribution for 
each soil action level. 

As discussed in the Task 2 report, the soil action levels must be combined with measured 
soil concentrations of the respective radionuclides, forming ratios (soil concentration divided by 
soil action level). If the concentration of radionuclidei is denoted by Ci, and its radionuclide soil 
action level is denoted by SAL,, then the sum of ratio rule for n radionuclides states that 

5 1 .  (3- 1)  
Cll + ... + - c, + -  c2 + -  CI 

SAL, SAL, SAL, SAL11 

There are two methods for evaluating the sum of ratios quantity: (1) deterministically 
and (2) stochastically. In the deterministic case, a discrete soil action level is chosen by the 
RSALOP for each radionuclide, then the ratios of the soil sample data and the soil action levels 
are summed in the deterministic case. The sum must be less than or equal to 1 to meet the dose 
standard (i.e., release standard of 15 or 85 mrem y-I). In the stochastic case, RAC has calculated 
the probability of exceeding the dose limit as a function of the *I9Pu soil concentration 
(Figure 3-2). The doses calculated in the stochastic case include not only the dose f r~ in”~Pu,  but 
all other plutonium isotopes and americium. The activity levels of the other plutonium isotopes 
and americium are estimated using site-specific isotopic ratios described in the Task 5 report 
(Killough et al. 1999). For example, using Figure 3-2 and a ’I9Pu soil concentration of 
100 pCi g-’, the probability of exceeding the 15 nirem dose limit is about 0.18 or about 20%. We 
note here that action levels for uranium isotopes have been reported separately because ratios of 
uranium to plutonium are not consistent across the site. In addition, uranium contamination does 
not appear to be as widespread as that of plutonium and is mostly restricted to soiirce areas such 
as old disposal areas and burn pits. (see Section 4. I .3 for further discussion on the distribution of 
uranium in soil). Soil action levels for *”U are reported in the same manner as tliose for 
plutonium isotopes, but they only include doses from the other uranium isotopes and do not 
include doses from plutonium isotopes. Specifying an action level for a site with both uranium 
and plutonium contamination will need to be considered case by case. 

The RAC Task 2 report also provides a discussion about remedial strategies (see Section 
3.1.2 and equations in Section 2.1). The Task 2 report notes that programs, such as RESRAD, 
proceed on the assumption of a uniformly contaminated area (subject to variation wi th in  a factor 
of 3). For some scenarios it  could be desirable to subdivide the site area into some number P of 
plots, each of which can be treated as having a uniform concentration of each radionuclide but 
with concentrations varying from one plot to another. Such subdivision might be of assistance i n  
the planning for remediation because the effects of reducing the most coiitaminated plots by 
various amounts can be studied explicitly. DOE and the Kaiser-Hill Company team are 
encouraged to consider the use of the subdivision method for evaluating remedial strategies. 
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Figure 3-2. Example of a stochastic soil action level that shows tlie probability of 
exceeding the I5 inrein dose limit as a function ~ f ’ ’ ~ P u  concentration in soil: Doses 
include all plutonium isotopes and americium. Activity levels of tlie other plutonium 
isotopes and americium are based on site-specific isotdpic ratios. 

3.2.2 Recommendations 

RAC recommends that the RSALOP select discrete values for tlie soil action levels of 
each radionuclide for use in tlie final status survey. Selecting discrete values from the 
soil action level distributions provides the mechanism for tlie RSALOP to deterniiiie the 

-.  _ _  - -  

- -  
level of risk considered acceptable-for use i n  the soil action level project. ~ - . - 

RAC has provided a potential method for evaluating remedial strategies in  tlie l a s k  2. 
report, as described above. The RSALOP, DOE, and the site contractor (Kaiser-I-[ill 
Company) are encouraged to consider the use of -these methods for evaluating remedial 
strategies. 
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4. SAMPLING PROTOCOL RECOMMENDATIONS 

The discussion i n  Section 3 provides the reader with an understanding of the process 
required for developing a sampling design and explains the iterative nature of the process. The 
following discussion provides the recommendations considered by RAC to be essential to 
ensuring that representative surface soil samples are collected for comparison to the soil action 
levels. 

4.1 Soil Sample Collection Protocol 

The soil sample collection protocol must ensure that representative samples are collected. A 
representative sample is a sample collected to appropriately reflect the media and contamination 
being measured. The samples must also be collected such that the resulting data can be compared 
to the modeled soil action levels. This requires that the media be sampled in a manner that is 
consistent with the conceptual model and associated assumptions used in developing the soil 
action levels. For example, resuspension models are based on contamination contained in the 
upper soil surface. Sample collection protocols that collect a continuous soil sample from the 
surface to several centimeters in depth may not be representative of the resuspension model used 
to derive the soil action levels. 

Several soil sample collection protocols (see Section 2.5) are currently used i n  studies at the 
RFETS. Several studies on the nature and extent of radionuclide contamination at the RFETS 
have used either the CDPHE or the Rocky Flats sampling methods, and i n  some instances, both 
methods were employed. These two methods, involving different sample collection depths, have 
created problems for researchers attempting to compare data sets. I n  addition to these methods, 
Colorado State University has developed a soil sample collection protocol for use in  their 
radionuclide studies at the RFETS (Webb et al. 1997; Webb 1992), which involves collecting soil 
samples in 3-Clll increments (see Section 4.1.2). 

4.1.1 Protocol Comparison Studies 

Bernhardt et al. (1983) documents a field soil sampling study conducted around the RFETS 
i n  May 1977. The cooperative plutonium soil sampling project was conducted by Rockwell 
International (contractor at the time for the DOE RFETS); CDPHE; Jefferson County Department 
of Health; and the EPA Office of Radiation Programs, Las Vegas. Each of the agencies collected 
five replicate samples from four distinctly different pedological and morphological settings 
around the RFETS. The following soil sampling methods were used in the study: Rocky Flats 
method (100 cm2 area), CDPHE method (750 cm2 area), Jefferson County technique (sizing of 
dust swept from a 4 in2 area of the ground surface), and two EPA methods for samples of 0 to 
I cin (450 cm2) depth and 0 to 5 cm (500 cm2) depth. 

Bernhardt et al. ( 1  983) found statistically significant differences in average concentration 
between the sampling techniques. They found that for concentrations expressed on a per gram 
basis, those sampling methods that sample to greater depths tend to have lower average 
concentrations. This was attributed to the residence of most of the plutonium in the surface 1 or 
2 cm, and sampling to a greater depth resulted i n  dilution of the surface soil plutonium with soil 
from a greater depth that had a lower concentration of plutonium. 
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Bernhardt et al. (1983) noted that the differences in concentrations observed in the study 
emphasize the iniportance of matching sampling objectives with sampling techniques. If the 
objective is to assess the amount of the total deposited material, samples should be taken to a 
depth sufficient to collect all the material. If the objective is to assess the health significance of 
deposited plutonium or to obtain estimates of potential resuspension, samples of only the surface 
soil should be taken. 

Litaor et al. (1995) used both the CDPHE and Rocky Flats methods for sampling of 
2393240Pu in the Rocky Flats environment. This study noted that because the CDPHE sampler 
collects only the top 0.64 cm of the soil, the sampler exhibited a serious problem in locating the 
boundary between the soil surface and the plant litter layer accumulated above. The study 
concluded that there was no significant difference in 239~240Pu activity in soil collected with the 
CDPHE sampler versus the Rocky Flats sampler for use in developing surface contour maps of 
estimated plutonium concentrations. Twenty-five samples were composited for the CDPHE 
method, with 10 samples composited for the Rocky Flats method using survey unit sizes of 1 .O 1 
ha near the 903 Pad and 4.05 ha further from the 903 Pad. The Rocky Flats sampling design 
consisted of taking five subsamples collected from the corners and the center of two I-m squares, 
which were spaced 1 m apart i n  the middle of each survey unit. The CDPHE sampling design 
required 25 equally spaced subsamples to be composited within each survey unit. 

The Litaor et al. (1995) study sampling protocols required composited samples, which 
introduced an additional source of uncertainty in the results because of the sample 
homogenization process. Composite sampling generally provides a very good estimate of the 
mean. However, information for the variance of the concentration needed for the final status 
surveys was not provided. Coiiiposited samples are also unable to detect individual areas of 
elevated activity (see Section 4.2 for a discussion on sampling design). The sampling methods 
used i n  the Litaor et al. (1995) study also required different numbers of samples from completely 
different soil horizons. Nonetheless, the hvo sampling methods may be comparable for the 
purposes of the Litaor et al. (1995) study. However, the two methods are iiot considered 
equivalent for the purpose of determining if the soil action levels have been attained at the site. 

4.1.2 Dcpth Distribution of Plutonium and Americium 

The importance of sampling .depth for _the sample collection - - _ _  protocol was identified by 
Bernliardt et al. ( 1  983) as described in Section 4. I .  I .  The following summary of studies at the 
WETS for plutonium and americium provides insight into the depth distribution of these 
radionuclides. 

Webb et al. (1997) conducted a study using a sampling protocol developed at Colorado State 
University, with additional surface samples collected using the CDPHE method. This study 
selected thirteen 100-m2 niacroplots, which were spaced at exponentially increasing distances 
from the 903 Pad along each of four transects. Samples were replicated at four randomlylocated, 
1-m2 microplots within each macroplot. The general sampling procedure was to ( I )  clip the 
standing vegetation at ground level inside a 1250 cm2 frame, then scrape -3 m m  of surface soil 
using the CDPHE scoop and template method and (2) clip the standing vegetation at ground level 
inside a 625 cm2 frame, then excavate a 25 cm long x I O  cm wide area of soil in 3-cin layers to a 
depth of 2 1 ciii using a trench technique developed earlier i n  Little (1976) and later modified i n  
Webb ( 1992). 

-- 
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Webb et al. (1997) investigated the depth distribution of239Pu in the soil at Rocky Flats 
(Figure 4-1). To develop the generalized depth distribution for the study area, 239Pu 
concentrations in each layer (including the 0-3-mm scrape) were normalized to the 0-3-cm 
concentration for each soil profile. The medians of the normalized values at each depth were then 
fit  to mathematical functions by trial and error, but the final regression parameters were 
determined with commercial fitting software. In the final regression, a total of 643 individual 
23% values were used to derive the following depth relationship: 

[ 2 3 9 ~ ~ ] ,  = [ 239 ~ u ] , - , , ,  ~ [ I - ( I - I . ~ I ~  -0.71d - 0.16e- 0.19,) 4 1  
(4- 1 )  

where 
[239Pu]d = 239Pu concentration at depth d (cm) 
[ 2 3 9 P u ] 0 - 3 ~ ~ =  2 3 % ~  concentration (pCi g-1) in 0-3 ctn soil increment. 

Webb et al. (1997) noted that the relatively uniform concentration of plutonium over the first 
2 cm is suggestive of some ongoing natural mixing process. 
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Figure 4-1. The 239Pu concentrations i n  soil at all depths (Webb et al. 1997). 
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Shierman ( 1994) provides information on the americium and plutonium concentration soil 
profiles at the Rocky Flats site. Shierman found that the concentrations of americium and 
plutonium decreased exponentially as a function of depth for all the locations sampled. 
Approximately 90% of the total inventories of the two radionuclides resided in the top 9 cm of 
soil, with approximately 50% of the total inventory for the two contaminants residing in the top 
3 cm of soil. No difference was observed in 241Am and 239Pu movement vertically in the soil 
column. 

Litaor (1999) examined the plutonium contamination in soils in open space and residential 
areas near Rocky Flats. Litaor included an analysis of the vertical distribution of plutonium 
activity from 1 1  soil pits collected outside RFP. The study indicated that the top layer (0-3 cm) 
was the most contaminated layer, with over 96% 0 f ~ 3 9 , 2 ~ 0 P u  activity accounted for in the top 
12 cm of the soil. Below the 12-cm depth, plutonium activity decreased to background levels (see 
Section 4.4 for a discussion on background soil concentrations). 

The studies discussed above indicate that the plutonium and americium appear to behave 
similarly i n  the soil. Each radionuclide is expected to be bound within the upper region of the soil 
profile, with an exponential decrease in activity with depth. 

4.1.3 Depth Distribution of the Uranium Isotopes 

Information on the depth distribution of uranium appears to be less extensive than that for 
plutonium and americium. RAC did not find the activity distribution of uranium with depth in the 
soil during a literature search. However, Litaor (1995) conducted a study of the spatial 
distribution of uranium isotopes in soils at the RFETS. The goal of the Litaor (1995) study was to 
provide information on the distribution of uranium isotopes in soils east of the RFETS. A spatial 
analysis of three uranium isotopes was conducted to determine the concentration and distribution 
pattern of uranium contamination. Geostatistical techniques were used to model the spatial 
dependency and construct isopleth maps showing uranium isotope distributions. 

The Litaor (1995) sampling protocol required 25 equally spaced subsamples to be 
composited within 4.05 or 1 .O I-ha plots for uranium isotopes analysis. The soil at each individual 
location was sampled with a CDPHE sampler. Eighty-four 4.05-ha plots and thirty-four I .O 1-ha 
plots were sampled for a total of 1 18 plots. 

LitaoF (1995) identified 23411 activity in soils aro.und clle RFETS that ranged from 25.9 to 
92.8 Bq kg-l (0.7 to 2.5 pCi g-l), with a median activity of 44.4 Bq kg-1 (1.2-pCi 81 ) ;  A-spatial 
structure was not observed with the 23411 data. Litaor (1995) indicated that the lack of spatial 
structure suggested that 23411 was randomly distributed in the soil environment east of the 
RFETS. The randomness was also interpreted to reflect inherent irregular variation of 23% 
dispersion in the soil that could not be predicted by the sampling method. As an alternative 
interpretation, Litaor (1995) also indicated that it may represent variability between sampling 
plots at distances less than that used in the study or samples collected from different populations 
(natural versus impacted because of Rocky Flats activity). On the basis of the available 
information, Litaor (1995) concluded that the contribution of Rocky Flats to the activity of234U 
i n  the soils was negligible. 

Litaor (1995) identified 235U activity in soils around the RFETS that ranged from 0. I to 
25.1 Bq kg-l (0.003 to 0.68 pCi g-l), with a median activity of 1.8 Bq kg-1 (0.05 pCi g-I). The 
resulting 23511 geostatistical contour map did not indicate the same clear west-east pattern of 
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dispersion as those identified for 239+24oPu and 241Am (Litaor et al. 1995). The activity of 
235U was localized, approximately 500 m east of the industrial section of the RFETS. No clear 
relationship between the various sources of 235U contamination considered in the study (i.e., 
burial trenches and the 903 Pad) and the spatial pattern of the 235U isopleths was found. 

Litaor (1995) states that the two soil plots with the highest235U activity probably resulted 
from surface flow and interflow from the east spray field. I t  was hypothesized that the small 
amounts of 235U in  pond water were reconstituted on the soil surface of these two plots through 
the continuous irrigation and subsequent evapotranspiration. 

Litaor (1995) identifies 238U activity in soils around the RFETS that ranged from 30.7 to 
286 Bq kg-I (0.83 to 7.7 pCi g-l), with a median activity of 44.4 Bq kg-1 (1.2 pCi g-1). The 
238U geostatistical contour map showed a clear west-east dispersion pattern like those of 
239+24oPu and 241Am (Litaor et al. 1995). The highest observed activities of238U were found 
around the 903 Pad; however, these values did not extend beyond the immediate vicinity of that 
site. 

Litaor (1995) notes that the complete lack of similarity in the spatial distribution across the 
soilscape near the 903 Pad could be explained by fundamental differences in solubility 
characteristics of plutonium and uranium that, in turn, affects their mode of dispersion in the 
environment. Plutonium is largely insoluble in the soil environment at WETS; hence, upon 
removal of the drums during the cleanup operations, the impacted area became susceptible to 
wind and surface erosion. Consequently, plutonium particles entrapped in the fine fraction of the 
topsoil were airlifted by winds and subsequently deposited across the soilscape east of the 903 
Pad. I n  contrast, under the pl-l and alkalinity conditions of the soil adjacent to the 903 Pad, 
iiranium(V1) may form complex ions with carbonates and migrate downward in the soil column. 
Litaor (1995) notes that Seed et al. (1971) identified four hot spots below the asphalt cap that had 
been placed over the entire area of the 903 Pad. They retrieved >3 I kg of uranium below this cap. 
Most of the uraniunl was concentrated i n  the B soil horizon located 15 to 40 cm below the 
original ground level. Increased clay content with depth decreased the hydraulic conductivity i n  
the soils. These flow conditions facilitated the transport of uranium through the surface horizons 
but  greatly restricted the transport to greater depths (i.e., > I  m). Litaor (1995) notes that the 
mobility of uranium with depth was probably further restricted because of sorption of uranium by 
the sesquioxides and CaC03 minerals. Because of the solubility and migratory behavior of 
uranium i n  the soil system, little uranium was entrapped in the fine particles of the topsoil. 
Hence, wind-dispersal mechanisms did not influence the spatial distribution of uranium isotopes 
across the soilscape east of the 903 Pad (Litaor 1995). 

The uranium study conducted by Litaor (1995) indicates that isotopes of uranium do not 
behave similar to plutonium and americium in the soil environment. At the present time, the 
development of a soil sample collection protocol must rely on the Litaor (1995) uranium study 
and the assumption that the uranium was leached near the source into the soil profile and not 
transported by resuspension. Thus, uranium is assumed to be locally concentrated near the 
original source areas and present throughout the surface soil profile. RAC recommends that 
additional studies be performed similar to the Webb (1997) study on plutonium and the Shierman 
(1994) study for americium to determine the depth profile of the uranium contamination in the 
RFETS soil environment. The study by Litaor (1995) relied on samples collected from the upper 
0.6 cm of the soil profile using the CDPHE sampling method and limited pit samples collected to 
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a depth of 9 cm. If the uranium is mobile in tlie soil environment, most of the uranium activity 
may already reside in  tlie soil profile below that modeled for the soil action levels (i.e., 20 cm). 

4.1.4 Conceptual Model Considerations 

The conceptual model and assumptions for developing soil action levels are provided in 
Task 3 ,  “Input and Assumptions.” Two parameters used i n  the RESRAD model for calculating 
the soil action levels relate to considering sampling depth. These parameters are the depth of the 
soil mixing layer and the thickness of the contaminated zone. 

The depth of the soil mixing layer is the depth of surface soil available for resuspension. 
This value is used to calculate the depth factor, or tlie fraction of total resuspendible soil that is 
contaminated. Tlie use of this parameter in  RESRAD to calculate the depth factor requires that it 
represent the depth over which contamination is uniformly distributed in the resuspendible layer. 
In tlie previous soil action level calculations (DOE/EPA/CDPHE 1996), the values for soil 
mixing layer and thickness of the contaminated zone are equal, which is not consistent with the 
definition of either term. RAC selected a value of 0.03 m to maintain consistency with the 
definition. This value has been used in the literature to define the surface or resuspendible soils 
and is the value defined by Webb et al. (1997) as representative of surface soils at Rocky Flats. 
We note here that tlie resuspension model i n  RESRAD was bypassed in our calculations. Instead, 
we used a site-specific model that accounted for the spatial distribution of plutonium in soil and 
annual average meteorological conditions at the site. The model was calibrated to measurements 
of plutoniuin isotopes i n  air at samplers located in the buffer zone and along the perimeter of the 
site. 

The thickness of the contaminated zone i n  RESRAD represents the vertical distance over 
which radionuclide contamination levels are clearly above background. Tlie research presented in 
Webb et al. (1997) indicates that plutonium contamination is distributed over tlie top 20 cm of 
soil, with very little inovement of that soil within tlie column over the past 20 years. For this 
reason, RAG‘ used a deterministic value of 0.2 m (20 cm) i n  developing tlie soil action levels. 

4.1.5 Dominant Exposure Pathways 

- - Soil action levels for- plutonium and uranium ~ isotopes that - are reported in tlie Task 5 report 
(Killough et al. 1999) vary dcpending on tlie scenario assumed. The most limitiiig-scenarios - 

(those with the lowest soil action level) were the RAC-designated scenarios of the rancher, child 
of the rancher, and infant of the rancher. Soil action levels for”’Pu were from 80 to 1 10 pCi g-l 
for these scenarios assuming a 15 inrem dose limit and when the current vegetation was present. 
Under a special case where a fire removes most of the vegetative cover, soil action levels for 
”’Pu dropped to between 10 to 25 pCi g-I mainly because resuspension was substantially higher 
for bare soil compared to vegetated soil. Consequently, inhalation was tlie dominant pathway for 
the fire case, while tlie soil ingestion was tlie dominant pathway for the no-fire case. 

The dominant exposure pathway is an iniportant consideration for the soil collection 
protocol. Because surface exposure pathways such as soil ingestion and inhalation of 
resuspended soil doinillate the dose, tlie upper 3 cm of soil should be sampled. While the 
RESRAD model provides soil action levels for the entire modeled contaminated zone (i.c., 
20 cm), only the surface soil concentrations (0-3 cin) influence tlie dose. If  the soil were sainpled 
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over the entire contaminated zone of 20 cm, then dilution of  the upper 3 cm soil profile may 
provide a soil concentration that is less than the action level for radionuclides despite tliefact that 
the 0-3 cm concentration may exceed the action level. Therefore, based on the dominant 
exposure pathways being soil ingestion and inhalation of resuspended soil as reported in the 
Task 5 report (Killough et al. 1999), soil sampling should include the 0-3 cm layer. 

4.1.6 Sample Compositing 

The CDPHE and Rocky Flats soil sampling methods used at Rocky Flats are based on the 
concept of composite sanipling from a systematic grid. Composite sampling consists of collecting 
several grab samples, from equally spaced intervals, that are thoroughly mixed into one 
composite sample. Then, either tlie entire composite is measured or one or more random 
subsamples from the composite are withdrawn and measured. If the mixing process is thorough, a 
physical averaging takes place so the subsamples represent the average concentration of the 
original grab samples. 

Compositing is useful if (a) the cost of analyzing individual grab samples for contaminants 
is high, (b) the mixing process is thorough, (c) information on the variability or extreme 
concentrations for grab samples is not needed, and (d) the total amount of pollutant present in the 
composite is equal to or greater than any single grab sample making up the composite. Therefore, 
if tlie entire composite or large subsamples are analyzed, the pollutant inay be more easily 
detected (Gilbert 1987). A major question about compositing soil samples is whether or not they 
can be adequately mixed. The basic idea is that the composite saniple will provide an accurate 
average value for the individual samples used to make up the composite. If the entire composite 
is used for analysis, there should be no problem with the concept. For many transuranic analyses, 
however, only a relatively small mass is used; therefore, a composite itself may be subsainpled 
(aliquoted) at the cliem ical-analysis stage. Whether coinpositing is worthwhile, then, depends on 
how well the sample is, or can be, m ixed. The hot-particle problem i n  plutonium analysis, 
suggests that coinpositing may not be very effective (Eberhart and Gilbert 1980). 

Composite sampling presents a problem for the radionuclide soil action level soil sampling 
protocol. Composite samples do not indicate the variance or information on extreme sample 
values. Therefore, small areas of elevated contaminants would not be identified by this method. 
Additionally, composite samples only provide an estimate of the mean soil concentration; 
therefore, the data do not allow a comparison to other percentiles of a distribution. For example, 
lhe mean concentration for each radionuclide may be within the action levels; however, no 
information is available to determine the fraction of the contaminant distribution that is above the 
action levels and potential hot spots are not identified. 

4. I .7 Recommendations 

The recommended saniple collection protocol for use i n  the soil action level project 
involves using profile sampling. The sample depth protocol recommendation assumes 
that soil ingestion and inhalation of resuspended contaminated soil are the dominant 
exposure pathways for the RFETS. The use of a profile sampiing methods allows for 
assessing the surface soil layer for comparisori to the radionuclide soil action levels for 
these dominant exposure pathways. 111 addition, information from all soil profile layers 
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niay be cornbincd to providc avcragc soil coiiccntrations if additional pathways arc 
dctcniiincd to tlic important. The profilc mctliod also providcs valuablc infoniiation that 
may apply to hturc actitiidc migration studics. Using thc profilc sampling method in arcas 
that liavc bccti remediated also providcs itiforiiiatioti for evaluating the cffcctivcticss of the 
remedial proccss and could be used to cvaluatc surrogatc radionuclide ratios as described 
in Section 4.8.  

Thc profilc sampling method providcs valuablc infoniiation to dctcniiinc if the sampling 
mcthod is rcquircd for other remediated sites. For example, thc profile data from a 
particular remedial arca niay indicate that thc rcnicdiation process results in a miscd 
residual contamination zone in tlic soil so that the profilc method is no longcr required. In 
this instance, sampling for rctiicdiatcd areas may rcvcrt to sampling tlic ciitirc upper 20 cm 
of soil. 

RAC rccotiitiietids that profile sariipling bc cotiductcd i n  soil depth intcrvals of ~-3-CIil to 
be cotisistctit n itli  the resuspension model parameters used to dcvclop thc soil action Icvcls. 

IUC reeotiiiiietids that soil samples not be compositcd for tlic soil action lcvcls study. 
Coinpositing soil samples climinates infortnation necessary to dctcniiine if small arcas of 
clcvatcd containination arc prcscnt in tlic survcj. unit. Thcrcforc, tlic iildividual soil 
samples should bc analyzed for their radionuclide contaminants. 

4.2 Saniplirig Design Selection 

Several satiipltng dcsigiis arc availablc that could be applied to the sampling protocol Thcsc 
mcthods tncludc randoin sampling, stratified raiidotii satiiplttig, and sjstcmattc sampling using 
cttlicr coniposttcd samples or itidivtdual saiiiplcs Thcsc mcthods arc discussed ti1 dctail i n  

standard statistical telts, sueli as Gilbert (1987), and i n  EPA gutdaiiec (EPA 1991) Thc ami of 
sampling IS usiiallj to charactcrrzc a defined area, to idcnttf) unsuspcctcd hot spots, and to 
demonstrate, as far as practicable, that those parts of the site believed to bc less than tlic soil action 

- lcvcls arc ti1 fact less than tlic action lcvcls Satiiplrrig dcsigtis are sutiiniartzcd i n  thc following 
scctlons 

- - - - _ -  
- - .  

- _  
- - .  - - -  . _  - - __ - -  

4.2. I Rai~doni Sampling 

Simple random satiipliiig is the arbitrag. eollcction of saiiiplcs within defined boutidarics of 
the survcy unit .  Raridotii satiiplc locations are clioscn using a raiidotii selection proccss. The 
arbitrary selection of sampling points requires each sampling point to bc sclectcd indcpcndcnt of 
tlic location of al l  other points, and results i n  all locations nitliiii the arca of coticcrn havc an equal 
chancc of being sclectcd. Rnndotiiization is ncccssan to niakc probability or confidence statcmcnts 
about the sampling results. Random sampling teiids to produce unc\*cti sampling, such that large 
areas may not contain a sampling point. Thus, randoin sampling does tiot ensure adequate eovcrage 
of thc titiit to be satiiplcd and also is tiot efficient in idctitifj-ing hot spot areas. Figurc 4-2 providcs 
an csatiiplc of a sitiiplc randoin saniplitig pattcrn. . .  

Draft Final Risk Assessment Corporation 
“Setting the standard in environmental health” 



26 The Rocky Flats Soi l  Act ion Level  fndependent Review 
Task 6: Sampling Protocol Recommendations 

Figure 4-2. Example of a siniple random 
sampling pattern with 25 sampling points. 

4.2.2. Stratified Random Sampling 

Stratified random sampling relies oil pr ior  analytical data to div ide the sampling unit into 
snialler areas called strata. Each sampling strata is more homogeneous than tlie sample as a 
whole. Strata can be defined based on various factors, including sampling depth, contaminant 
concentration levels, and contaminant source areas. Stratified random sampling i s  a useful and 
flexible design for estimating tlie pollutant concentration wi th in  each depth interval or area of 
concern. ?‘he use of a stratified dcsign for tlie area o f  concern i s  not needed because tlie use of the 
survey uni t  conccpt (Section 4.6) delineates the contamination area so that heterogeneity i s  
controlled. Figure 4-3 provides an example o f  a stratified random sampling pattern. 
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4.2.3 Systematic Sampling 

Systematic grid sampling involves subdividing tlie area of concern by using a square or 
triangular grid and collecting samples from tlie nodes (intersections of tlie grid lines). The origin 
and direction for placing the grid is selected using an initial random point. From that point, the 
coordinate axis and grid are constructed over the whole survey unit. The distance between 
sampling locations in tlie systematic grid is determined by the size of tlie area to be sampled and 
the number of samples to be collected. 

The recommended method of sampling for comparison to the soil action levels involves a 
systematic grid, with a random starting point as described in NRC (1997). This sampling process 
involves determining a uniform grid pattern over the survey unit. This sampling scheme is 
recommended to detect small areas of elevated contamination (Le., hot spots-see discussion in 
Section 4.7), and the random starting point of tlie grid provides an unbiased method of obtaining 
measurement locations to be used i n  statistical tests. 

By using a systematic grid, tlie size of a small area of elevated contamination (Le., hot spots) 
that could potentially be missed by soil sampling can be easily calculated. Section 4.7 provides 
further discussion on identifying sinal1 areas of elevated activity. Systematic grid sampling, with 
a random starting point, is the final status survey method for soil sampling recommended by the 
MARSSIM. Therefore, use of this grid system would allow for the MARSSIM approach to be 
applied to the radionuclide soil action level study. However, using this grid does not confine tlie 
analyst to tlie use of the MARSSIM statistical analyses; other statistical techniques may be used 
to assess the soil action levels based upon the data obtained by this method. 

Systematic sainpling is usually easier to implement under field conditions than aresimple 
randoni or stratified random sampling plans. Systematic sampling provides for a’ uniform 
coverage of the target populatioii that, ii i  many cases, will yield more accurate estimates of mean 
concentrations. I-lowever, i f  thc proccss being measured follows unsuspected periodicities over 
time and/or space, systematic sampling can give misleading and biased estimates of tlie 
populatioii mean. Another problem with systematic sampling is tlie difficulty of obtaining an 
accurate estiiiiate of tlie sampling error of the estimated mean unless tlie population is in random 
order (Gilbert 1987). A further discussion on spatially correlated data is provided i n  
Section 4.3.3. 

Gilbert (c987) provides a discussion on systematic grid sampling gnd_tlle design of sampling 
grids. Gilbert (1987) provides methods for designing the sampling grids of aligned square grids, 
central aligned square grids, unaligned grid patterns, and the triangular systematic grid. These 
systematic sampling grid patterns are shown in  Figure 4-4. 

The simplest systematic designs for sampling an area are tlie aligned and central aligned 
square grids. To determine tlie population units to be sampled for tlie aligned grid, first the 
distance between grid lines is chosen. Then two randoin coordinate numbers are drawn to fix the 
location of point A. The remaining grid points are then fixed by tlie prespecified grid spacing. 
Deliberately placing point A at the center of tlie square results in  tlie central aligned square grid 
(Gilbert 1987). 

The unaligned grid pattern can be used to guard against bias i n  the estimated mean because 
of unsuspected periodicities over space. Gilbert (1987) notes that studies documented i n  
Queiiouille (1949) and Das (1950) suggest that this design is superior to both tlie square grid and 

- _  - . _  
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stratified random sampling at least for some simple spatial correlation functions. Tlie importance 
of spatial correlation is discussed in Section 4.3. 

Aligned Square Grid Central Aligned Square Grid 

0 
0 

0 0 

0 
0 0 

0 

0 
0 

Unaligned Grid Triangular Grid 

Figure 4-4. Systematic designs for sanipling i n  space (Gilbert 1987). 

The sampling locations for the iinaligiicd grid are determined first by selecting a point A at 
random. Tlie s-coordiiiatc at point A is tlien used with three new randoin y-coordinates to 
determine points B, C, and D. The y-coordinate of A is tlien used with two new randoin s- 
coordinates to locate points E and I .  Tlie x-coordinate of E and tlie y-coordinate of B are tlien 
used as tlie coordinates of point F. Similarly, tlie s- and y-coordinates of E and C, respectively, 
are the s- and y-coordinates of point G, and so on, for the remaining cells. 

Tlie triangular grid system is a variation on the aligned sqiiare grid. After a randoin point A 
is chosen, tlie other sampling points are fixed by tlie imposed triangular arraiigeinent. Gilbert 
(1987) notes that studies documented in  McBratney et al. (1981) suggest tlie triangular grid 
slightly superior to the square grid if the spatial correlation structure varies with direction. 

The number of samples (n) required for tlie assessment (discussed in Section 4.5) is used 
determine tlie spacing, L, of a systematic grid pattern by 

is 

to 
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u square grid (4-3) 

where A is tlie area of tlie survey unit. 

4.2.4 Recommendations 

RAC recommends that a systematic grid sampling design with a random starting point be 
implemented for tlie final status survey. A systematic grid is recommended in NRC 
(1997) for use in tlie final status survey. In addition, this sampling design ensures full 
coverage of the survey unit ,  whereas a random design can result i n  very uneven 
sampling and large areas of the survey uni t  may not be sampled. The choice of 
systematic grid designs should be evaluated during the DQO process to determine if 
spatial correlations exist in  the survey area. When spatial correlations exist, triangular or 
unaligned grid systems should be considered to reduce bias in tlie estimate of the mean. 

4.3 STATISTICAL CONCEPTS 

This section discusses statistical methods and concepts for use i n  tlie soil action levels 
project. Statistical analyses (or tests) are typically classified into two major categories: 
( I )  parametric statistics and (2) non-parametric statistics. These categories of statistical analyses 
are described i n  tlie following sections Specific emphasis is placed on problems that have been 
identified by the Radiation Advisory Coniinittec of the Science Advisory Board (SAB 1997) with 
the N R C  (I 997) statistical approach and sclecting a statistical paranietcr for coinparison to tlie 
soil action levels. 

4.3.1 Descriptive Mcasurcs for Comparison to the Soil Action Levels 

Tlic paranicter of interest is a descriptive iiicasure that specifies tlie characteristic or attribute 
of the residual contamination in tlie survey unit. Tlie following descriptive measures can be used 

- 

- _  - - -  - .  

-. --_ - =._ . -  - - . .  for comparison to tti oil action levels: - - ~ - - = = - -  - 

Maxi Iiiutii observed concentration 
95 percentile (i.e., the valuc below which 95% of actual values lie) or some other 
percent i I e 
Median of tlie observed concentrations 
Meail of tlie observed concentrations 
95% upper confidencc limit of tlie arithmetic mean. 0 

Tlic use of the inaxiiiiutii observed concentration or tlie 95 percentile for comparison to tlie 
soil action levels is not considered necessary. These descriptive measures arc typically used when 
limited data arc available and the saniplc size is small. 

The median as a descriptive nieasurc for comparison to tlie soil action levels is also not 
considered a11 appropriatc parameter. Tlic MARSSIM (NRC 1997) recomniends tion-parametric 
tests that are based 011 tlie median of tlie sample data. The median is equal to tlie iiiean when tlie 
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distribution is symmetrical (i.e., not skewed). However, environmental data, such as soil samples, 
often present data distributions that are skewed to higher concentration values; thus, the median is 
less than the mean. 

The use of the mean as a descriptive measure for comparison to the soil action levels cannot 
be justified because it is not possible from any site investigation to know the true mean, which is 
the appropriate parameter. 

SAB (1997) notes that the target statistic for any exposure assessment should be the 
arithmetic mean concentration for a defined area, together with the uncertainty associated with 
the estimate of the mean. SAB (1997) also states that “model assumptions that use a uniformly 
distributed source term do so as a surrogate for the arithmetic mean of a heterogeneously 
distributed contaminant. If one hypothetically homogenized a lieterogeneously contaminated area 
to produce a uniform contamination, the value of the uniform contamination would be equal to 
the arithmetic mean of the l~eterogeneously contaminated system.” The SAB emphasizes that for 
the purposes of limiting exposure as well as estimating exposure from a defined area, the target 
statistic should always be the arithmetic mean, regardless of whether the underlying distribution 
is symmetrical or skewed. The 95% upper confidence limit is employed rather tlian the observed 
mean to allow for uncertainties in the estimated mean. 

4.3.2 Parametric Statistical Analyses 

Parametric statistical analyses require information on the distribution of the contaminant 
(e.g., normal or lognormal distribution). Generally, tlie tests are based upon normally distributed 
contaminants, or the data may be transformed to approximate a normal distribution. 
Environmental data typically are not normally distributed and often are Iog~iormaIly distributed. 
The lognormality of tlie data requires transforniatioii of tlie data to approsiniate a norinal 
distribution. 

Most of the common standard statistical methods arc bascd upon the assuiiiption that the 
data are normally distributed. I f  it can be demonstrated that the data are normally distributed and 
there are a sufficient number of results to support a decision concerning the survey uni t ,  
parametric tests will generally require fewer measurenients to support a decision coiicerning tlie 
survey unit. However, tests that demonstrate the data are normally distributed generally require 
more measurements than non-parametric tests. ‘The EPA provides guidance on selecting and 
performing statistical tests to demonstrate that data are normally distributed (EPA 1996). 
Guidance is also available for performing parametric statistical tests (EPA 1989, 1994b, 1996). 

Common parametric statistical tests include the Students t Test (EPA 1996), t Test applied to 
logarithms (EPA 1996), minimum variance unbiased estimator for lognormal mean (Gilbert 
1987), and the 2-Sample Quantile Test (EPA 1994b). EPA (1989) provides a complete discussion 
of the use of parametric statistics for testing if a survey u n i t  soil concentration is less tlian the 
action levels using the mean or percentiles for random, stratified, or systematic sampling. 

4.3.3 Non-parametric Statistical Analyses 

Non-parametric, or distribution-free, statistical analyses can be used when the underlying 
distribution is either unknown or nonnormal. The validity of non-parametric techniques does not 
depend on tlie data being drawn from any particular distribution. The MARSSIM recoinnieiids 
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the use of non-parametric statistical tests for evaluating environmental data. There are two 
reasons for this recommendation: ( 1) environmental data are usually not normally distributed and 
(2) there are often a significant number of qualitative survey results (e.g., less than the minimurn 
detectable concentration). Either one of these reasons means that parametric statistical tests may 
not be appropriate. However, the MARSSIM also recommends tlie use of parametric statistical 
tests when the underlying assumptions required for these tests can be verified. 

The non-parametric statistical tests presented in tlie MARSSIM guidance consist of the 
Wilcoxon Rank Sum test and the Sign test. The Wilcoxon Rank Sum and Sign tests are designed 
to determine whether the level of residual radioactivity uniformly distributed throughout the 
survey unit exceeds the soil action levels. Because these methods are based on ranks, tlie results 
are generally expressed in terms of the median. When the underlying distribution is symmetric, 
the mean is equal to the median. When tlie underlying distribution is not symmetric, these tests 
are still true tests of the median but only approximate tests of the mean. If  the measurement 
distribution is skewed to tlie right, tlie average will generally be greater than the median. I n  
severe cases, the average may exceed tlie soil action levels while the median does not. Tlie reader 
is referred to the MARSSIM guidance for detailed discussions on tlie Wilcoxon Rank Sum and 
Sign tests. A brief description of these non-parametric tests follows. 

The Wilcoxon Rank Sum test is a two-sample test that compares the distribution of a set of 
measurements in a survey uni t  to that of a set of measurements in a background reference area. 
The test is performed by first adding tlie value of the radionuclide soil action level to each 
measurement in tlie reference area (i.e., background soil concentrations). The combined set of 
survey unit data and adjusted reference area data are listed, or ranked, in increasing numerical 
order. If tlie ranks of tlie adjusted reference site nieasurements are significantly higher than the 
ranks in the survey uni t  measurements, the survey un i t  demonstrates compliance with theaction 
levels. 

The Sign test is a one-sample test that coniparcs the distribution of a set of ineasuremeiits i n  
a survey uni t  to a fixed value, namely the radionuclide soil action level. The Sign test is used i f  
the radionuclide contaminants of interest do not occur in  background or the background levels are 
known to be a small fraction of the radionuclide soil action levels (e.g., < I O % ) .  A discussion on 
background radionuclide soil concentrations for the Rocky Flats environnient is provided i n  
Section 4.4. First, tlie value of each measurement in  the survey uni t  is subtracted from the 
radionuclide soil actioii level. The resulting distribution-is tested to deteriniiie if -~ gic center of the 
distribution is greater than zero. If tlie adjusted distribution is significantly greater tliari zero, the 
survey uni t  demonstrates compliance with the action level. 

The Radiation Advisory Corninittee of the Science Advisory Board performed a review of 
the MARSSIM methodology (SAB 1997). The Science Advisory Board noted i n  their review that 
tlie recommended non-parametric statistical methods in the MARSSIM (NRC 1997) would not 
perform well with markedly asymmetric (skewed) distributions. Tlie Science Advisory Board 
also noted that the target statistic for any exposure assessment should be the arithmetic mean 
concentration for a defined area, together with tlie uncertainty associated with the estimate of tlie 
mean. For a normally distributed population, the mean and the median are identical in value. 
However, when tlie distribution of sample evidence is moderately to highly skewed, tlien tlie non- 
parametric statistical techniques recoinmended by tlie MARSSIM cannot be used to determine 
the uncertainty associated with tlic estimate of the arithmetic mean, and tlic niediaii o f  such a 
sample set \vi11 underestiinate the true arithinetic mean of the surface soil contamination. 

e 

- _ -  _ -  - _ _  . _  

~- 
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SAB ( 1  997) provides two techniques that allow for estimating the mean and an estimate of 
the uncertainty about the mean. The Science Advisory Board suggests that the Sign test used in 
NRC (1997) be replaced by using a “resampling” or “bootstrap” estimator for the distribution of 
the arithmetic mean (Efron and Tibshirani 1998). Bootstrapping is a process that generates a 
series of estimates for the mean of a distribution by repeatedly resampling from the actual set of 
measured values and then analyzes those means with standard statistical techniques. Such an 
approach is straightforward; we simply perform a large number (e.g., K = 1000) of iterations in 
which we resample, with replacement, from the original N sample values (sample values can 
occur more than once in each resampling) and calculate the mean of each iteration. For example, 
if N = 10, the original sample might be 2, 5 ,  3, 2, 6, 4, 6, 3, 4, 4, which has a mean of 3.9. The 
first resampling might yield 5 ,  4, 6, 3, 3, 5 ,  2, 2, 2, 4 for a mean of 3.6. Additional resamplings 
would yield other means, both above and below 3.9. Depending on the skew of tlie original data 
and the number of iterations, the grand mean of the resampling might be higher or lower than 3.9, 
and researchers could also obtain an estimate of the uncertainty about that grand mean. The 50th 
largest mean value from the 1000 alternative realizations (of a sample of size N = IO)  would be 
equal to the upper 95th percentile of the true but unknown arithmetic mean. This 95th percentile 
value on the arithmetic mean must be less than the soil action level in order to declare tlie site 
safe for release. 

SAB (1997) also recommends a Bayesian analysis. The Science Advisory Board states that 
in some cases, tlie contamination data will not represent a truly random sample of the 
environment (e.g., data for hot spot samples). Such information can still be useful, but prior 
information about the sample’s properties is needed, leading to a Bayesian view of hypothesis 
testing. When data are only partially representative of a remediated sitc because they are not 
taken from a randomized design or they do not conform precisely to the same spatial and 
temporal scales as those upon which the soil action levels are based, tlien classical statistical 
techniques are of limited use in determining tlie uncertainty about tlie trite but uiiknown 
arithmetic mean concentration for that site. SAB ( I  997) notes that under these circumstances, 
approaches based on Bayesian statistics may be advantageous. Bayesian statistics permit the 
explicit use of expert judgment to account for the inherent possibility of flaws and biases i n  tlie 
data. The result is that a credibility (or subjective confidence) interval can be obtained about tlie 
arithmetic mean (or any desired quantile) of the true but unknown distribution of soil 
concentration for both the remediated site and any reference site ( i t . ,  background area). These 
credibility intervals form the basis upon which subsequent decisions are made. 

The selection of statistical methods for comparing the mean soil concentrations and 
associated upper confidence interval to the soil action levels involves many decisions, and 
knowledge of the contaminant distributions and spatial correlations. Therefore, selecting a 
statistical method is not recommended in  this report. Selecting a statistical rest must be performed 
during the DQO process. Statistical techniques reviewed in this section can be used for the soil 
action level project; however, caution must be employed to ensure that the test will compare tlie 
mean soil concentrations at the 95% upper confidence interval to the soil action levels. 

4.3.4 Correlated Data 

Special consideration must be given to spatially correlated data wlieii usiiig systematic 
sampling. In practice, a spatial correlation may be present so that part of h e  information 
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contained in one measurement is also in other measurements taken close by in space. One 
disadvantage of a systematic grid, with a randoin starting point, is that any pronounced trend i n  
the population will result in a substantial reduction in the accuracy of the estimated population 
mean. 

The periodic features of a population should be known before systematic sampling is 
adopted. In general, if a contaminant comes from a point source, concentrations will usually 
decrease with distance from the source. This relationship has been identified for the 903 Pad 
contamination, with plutonium concentrations decreasing with increasing distances from the 903 
Pad. However, it is difficult to predict how the correlation structure will change after remediation 
of a given area and with different remedial methods. For example, Contamination that is spatially 
correlated before remediation may effectively be randomly mixed after cleanup of contaminated 
soil from high contamination areas has been removed. I n  addition, depending on the selected size 
of a survey unit (Section 4.6), the correlation may not be statistically significant for small survey 
units. The radionuclide contamination varies considerably across the site, such that some survey 
units may not show a correlation between measurements and may present a random pattern. This 
is difficult to predict without prior knowledge of the survey unit sizes, orientation of the survey 
unit on the site, and knowledge of remedial methods used in  the survey unit. Methods are 
available for improving the estimate of the mean usini  a systematic sample when spatial 
correlations are present. The reader is referred to Gilbert (1987) for a discussion of these 
methods. 

4.3.5 Null Hypothesis 

The probability of making a decision error, such as releasiiig a site that is actually above tlie 
soil action levels, can be controlled by adopting an approach called hypothesis testing. I n  
hypothesis testing we begin by making a tentative assumption about a population paraineter. This 
tentative assumption is called the n u l l  hypothesis and is denoted by Ho We then define another 
hypothesis, called the alternative hypothesis, wliich is the opposite of what is stated i n  tlie null  
liypotliesis. This alternative hypothesis is denoted by 1-1,. The hypothesis testing procedure 
involves using data from a sample to test the two competing statements indicated by H0 and 1-1,. 

Let po denote the specific numerical value of the population nieaii being considered in tlie 
null =and- alternative hypotheses. In general, -a Iiypotliesis test- concernbig tlie values - - - - _  of tlie 
population mean p must take one of the following three forms: 

- - . _  F -  - 

-. 

Ho: c~ 2 RSAL H,: p I RSAL Ho: p = RSAL 

Ha: < RSAL Ha: > RSAL Ha: p # RSAL . 

In many situations, the choice of Ho and Ha is not obvious. In  such cases, judgment on the 
part of the user is needed to select the proper form of H, and Ha. f-lowever, as tlie above 
example forms show, the equality part of the expression (either 2, I, or =) always appears i n  tlic 
null hypothesis. I n  selecting the proper form of Ho and Ha, we must keep in mind that the 
alternative hypothesis is what the sampling study is attempting to establish. Thus, asking whether 
the user is looking for evidence to support p < SAL, p > SAL, or i t  f SAL will help determine 
Ha- 
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RAC recommends the following null and alternative hypotheses for the soil action level 
project : 

Ho: p 2 SAL and Ha: p c SAL . 

The nul l  hypothesis as stated above assumes that the survey un i t  is contaminated above (or 
equal) to the action level; thus, the statistical analysis must prove that this assumption is not true. 
If the statistical analysis provides evidence that the nul l  hypothesis is not true, then we accept the 
alternative hypothesis that the survey unit soil concentrations are less than the soil action levels. 

The statement of the null hypothesis above is designed to be protective of human health and 
the environment as well as consistent with current methods used for demonstrating compliance 
with regulations. The EPA, NRC, and DOE have adopted the use of this null hypothesis in the 
MARSSIM for statistical analysis of contaminated sites. The EPA has also provided nul l  
hypotheses stated in this manner in their soil cleanup standards document (EPA 1989). I t  is 
acknowledged that site contamination conditions, such as lack of measurement techniques with 
appropriate detection sensitivities, may preclude the use of the nul l  hypothesis that the survey 
uni t  is assumed to be contaminated. Another problem arises when there is a high variability in 
background concentrations of the radionuclides. When the background concentrations (see 
Section 4.4) are near the proposed soil action levels, it becomes difficult to distinguish between 
background and contamination concentrations. This does not appear to be the case at the RFETS. 
However, NUREG- 1505 (NRC 1995b) provides guidance if this situation is encountered. 

4.3.6 False Positive and Negative Rates 

A Type 1 decision error occurs when the nul l  hypothesis is rejected when it is true; it is 
referred to as a false positive error. A false positive error would result in  the release of a survey 
unit containing residual radioactivity above the action levels. The probability of making a Type I 
decision error, or the level of significance, is denoted by alpha (a). Alpha reflects the amount of 
evidence the decision-maker would like to see before abandoning the null hypothesis; it is also 
referred to as the size of the test. 

A Type 11 decision error occurs when the nul l  hypothesis is accepted when it is false; it is 
referred to as a false negative error. A false negative error would result in either unnecessary cost 
because of remediation of survey units that are below the release criterion or additional survey 
activities to demonstrate compliance. The probability of making a Type 11 decision error is 
denoted by beta (p). The term (1-0) is the probability of rejecting the nul l  hypothesis when i t  is 
false; it is also referred to as the power of the test. 

Table 4- 1 provides an explanation of false positive and false negative conclusions based on 
our proposed nul l  and alternative hypotheses: 
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Table 4-1. False Positive and Negative Conclusions based on tlie Recommended Null 
Hypothesis 

Decision based on the ’ The true condition is: 
sample data are: Clean Contaminated 

Clean . Correct decision False positive (Type I error) 
released as clean when it is really 
contaminated 

Contaminated False negative (Type I1 error) Correct decision 
unnecessary remediation 

Recommendations on acceptable Type I and I1  errors cannot be provided. These error rates 
are developed during the DQO process and are adjusted according to considerations of the cost of 
sampling versus the cost of remediation. The values o f a  and p that are selected during the DQO 
process should reflect the risk involved in making a decision error. In setting the values fora, the 
following are important considerations (NRC 1997): 

I n  radiation protection practice, risk estimates are derived based on a linear function of 
dose for a variety of solid cancers (National Research Council 1990). Therefore, a 10% 
change i n  dose results i n  a 10% change i n  risk. This situation is quite different from 
one in  which there is a tl~resl~old. In the latter case, tlie risk associated with a decision 
error can be quite high, and low values of a should be selected. When the risk is linear 
and without a tl~resl~old, much higher values of u at the action levels might he 
considered adequately protective when the survey design results in smaller decision 
error rates at doses greater than the action levels. False positives will tend to be 
balanced by false negatives across survey units, resulting in approximately equal 
human health risks. 

. .  

- -  _ -  The radionuclide soil action levels cannot be detertn d with absolute precision. The 

to action levels. This is an additional consideration for setting the value ofu that could 
support the use of larger values in some situations. I n  this case, t!ie magnitude, 
significance, and potential consequences of decision errors at values above the action 
levels would be prospectively addressed as part of the DQO process. 

dose cannot be measured directly, and many assump s are made i n  converting dose ~- . 

The risk of making the second type of decision error, p, is the risk of requiring 
additional remediation when a survey uni t  already meets the release criterion. Unlike tlie 
health risk, the cost associated with this type of error may be highly nonlinear. There 
may be a threshold below which the remediation cost rises rapidly. This is primarily a 
concern for survey units that are near the action levels. For survey units that are very 
lightly contaminated or have been thoroughly reinediated so that any residual 
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contamination is expected to be far below the soil action levels, larger values o f p  may 
be appropriate, especially if final status survey sampling costs are a concern. 

4.3.7 Recommendations 

As the previous discussion indicates, selecting the statistical method to analyze the data 
in comparison to the soil action levels involves many decisions. RAC recommends that 
the DQO planning team include a statistician familiar with the WETS site and 
environmental statistical designs. 

0 RAC recommends that the arithmetic mean and its associated uncertainty at the upper 
95% confidence interval be used for comparison to the soil action levels. 

0 RAC agrees with the findings of SAB (1997) that the Wilcoxon Rank Sum and Sign tests 
recommended in NRC (1997) are tests of the median. The MARSSIM (NRC 1997) non- 
parametric statistical tests should not be used for the soil action level study because 
these test compare the median value of the sample distribution to the soil action levels. 
When the distribution is not symmetrical (Le., skewed) the median will not be equal to 
the mean. 

RAC does not recommend a specific statistical test for use in comparing the soil sample 
data to the soil action levels. RAC believes that the DQO process is the best mechanism 
for this selection process. Initial sampling results, or those obtained during remediation, 
should be evaluated to determine the potential population distribution and attributes to 
ensure that the most appropriate statistical techniques are employed. I t  is difficult to 
predict the affect that remediation will have in terms of changes in  the present 
contamination attributes, including depth distribution. Various remediation strategies 
result in  different changes i n  the contamination, including mixing with depth, removal of 
the higher coiitaniination areas, and typically a reduction in the variance of the 
contamination distribution. 

' 

RAC cautions that spatial correlations could impact the accuracy of the estimated mean 
using a systematic grid with a random starting point. Methods are available for 
improving the estimate of the mean using a systematic sample,and the reader is referred 
to Gilbert (1987) for a discussion of these methods. 

4.4 Radionuclide Background Soil Concentrations 

Background concentrations for the radionuclides considered in the soil action levels must be 
evaluated to determine their significance. As discussed in Section 4.3.2, if the background 
radionuclide soil concentrations are less than 10% of the soil action levels and the soil sample 
data distribution is symmetric (i.e., not skewed), then the non-parametric bootstrapping can be 
used to test the upper 95% confidence interval of the mean from the sample distribution against 
the soil action levels. Appendix C of the Task 5 report (Killough et al. 1999) contains a detailed 
discussion on backg'round plutonium in the environment. These data are suminarized i n  the 
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following section along with background data for other radionuclides. The following discussion 
is provided to the RSALOP to develop an understanding of background soil concentrations of 
important radionuclides i n  the Rocky Flats environment. 

4.4.1 Background Studies 

Background concentrations of plutonium isotopes are a result of weapons testing fallout and 
burnup of a Transit Navigational Satellite containing a 2'sPu power generator. Background studies 
in surface soil (Table 4-2) indicate that concentrations of 2'9.240Pu in soil range from about 0.7 to 
2.1 Bq kg-' along the Front Range of Colorado. k e y  (1976) calculated the global-fallout 
plutonium i n  the Denver area using 24oPu:239Pu ratios. The CDPHE has identified several 
remote locations thought to represent background levels of239+24OPu. The 239+24oPu activity 
for soils collected from these areas in 1989 using the Rocky Flats sampler ranged from 0.51 to 
2.84 Bq kg-1 (0.014 to 0.077 pCi g-l), with a mean of 1.23 Bq kg-1 (0.033 pCi g-I). Purtymun et 
al. (1990) studied the impact of global-fallout plutonium on remote areas in Southern Colorado 
and Northern New Mexico. They showed that 239+24oPu activity collected from soils ranged 
from 0.04 to 2.99 Bq kg-1 (0.001 to 0.08 pCi g-l), with a mean of 1.13 Bq kg-1 (0.03 1 pCi g-l). 
Litaor et al. (1995) also presented background soil concentrations for the Colorado Front Range 
and the Eastern Plains referred to as the Whiting-1994 and EG&G-1989 data sets. These reports 
were indicated to be unpublished by Litaor et al. (1995) and are reproduced in Table 4-2, as 
provided i n  the published paper by Litaor et al. (1995). Webb (1996) also estimated background 
239~240Pu in soil along the Front Range using 10 sampling sites and three sampling depths: 0-0.3 
cm, 0-3 cm, and 0-2 I cm. Plutonium-239,240 concentrations measured by Webb ranged from 
1.2. to 3 . 3  Bq kg-'. 

- _  I = = -  

a 

Table 4-2. Background Soil Concentrations of 239+24oPu in Soils of Colorado in Bq kg-' 
(PCi g-') 

Whiting- 
Statistics I 994a EG&G- 1 989a Krey ( I  976) 

No. of samples 50 9 I I  
- --- - _ _  

Mean 1.4 (Oy038) I .23 (0.033)- - 0.66 (0.0 18) 
Standard deviation 0.5 (0.014) 0.73 (0.020) 0. I4 (0.0038) 
Range 0.62-2.66 0.5 1-2.84 0.40-0.92 

(0.01 74.072)  (0.0 144.077) (0.0 14.02)  
a As  reported in Litaor et al. (1995). 

Unpublished data. Rocky Flats, Golden, CO 80402-0464. 
0-3 cm laver 

Purtymun et 
al. ( 1990) Webb ( 1996)c 

I O  5 
2.14_(O.058) I .  I3 (0.03 I )  
0.76 (0.02 1 )  1.06 (0r029)2 

- 

1.2-3.3 0.04-2.99 
(0.0324.089) (0.00 1-0.08) 

Background concentrations of 24'Am are also a result of weapons testing fallout. Hulse et al. 
( 1  999) evaluated background activity concentrations of241Am in 26 soil samples from depths of  
0 to 3 cni (Table 4-3). The resulting data were approximately lognormally distributed with a 
mean of I . 3  Bq kg-' (0.035 pCi g-I) and 95% sign confidence interval of 1 .  I to I .6 Bq kg-' (0.03 
to 0.04 pCi g-I). Depositions of 241Am i n  0 to 21 cm soil columns at 20 background locations 
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were also approximately lognormally distributed with a median of 0.20 Bq kg-' (0.005 pCi g-1) 
and 95% sign confidence interval of 0.15 to 0.30 Bq kg-' (0.004 to 0.008 pCi g-I). 

DOE (1995) reported that 241Am concentrations in 50 soil samples from depths of 0 to 5 cm 
along Colorado's Front Range ranged from 0.04 to 0.9 Bq kg-' (0.001 to 0.024 pCi g-I), and that 
concentrations in  similar samples from Rock Creek, north-northeast of Rocky Flats, ranged from 
0.04 to 1.3 Bq kg-' (0.00 I to 0.035 pCi g-I). 

Table 4-3. Median and 95% Sign Confidence Intervals for Concentrations and Depositions 
of 241Am in Soil from 20 Regional Background Locations along Colorado's Front Range 

(Hulse et ai. 1999) 
Measurement Median 95% confidence interval. 

0 to 3 mm soil fraction, 1 . 1  (0.030) 0.8-1.7 (0.02-0.046) 

Bq kg- (PC g- ) 
0 to 3 cm soil sample, 1.3 (0.035) 1.1-1.6 (0.030-0.043) 

Bq kg-1 (pCi g-1) 
2 I cm depositions, kBq m-2 0.20 0.15-0.30 

Concentrations of uranium isotopes are mostly from natural sources and vary depending on 
local geologic and geochemical conditions. Litaor (1  995) presented data compiled on the 
background soil concentrations of the uranium isotopes. Table 4-4 presents the background data 
compiled by Litaor (1995) for the United States average, Colorado, and Rock Creek near Rocky 
Flats. 

Table 4-4. Background Activities of Uranium Isotopes in Soil (Litaor 1995) 
Number of Range Arithmetic mean and standard 

Uranium isotopes samples Bq kg-l (pCi 8-l) deviation 
I /  S civercigeQ 

co I0,vrclo" 

Rock G-eekb 

Uranium-238 355 4.4-140 (0.12-3.8) 37.0 f 30.7 ( 1  .O f 0.83) 

Uranium 238 32 17.3-1 1 I (0.47-3.0) 44.4 f 33.6 (1.2 f 0.91) 

Uranium-23 8 21 29.6-56 (0.8-1.5) 41.6+7.3(l . l  f 2 . 0 )  
Uran i u 111-23 5 21 0.4-5 (0.01 1-0.124) 2.0 f 1.3 (0.054 f 0.035) 
Uranium -2 34 21 28.5-54 (0.77-1.4) 41.9 f 6.4 (1.13 k 0.17) 

a Statistics were taken from Myrick et al. (1983). 
b Statistics compiled from a Rock Creek study west of the Rocky Flats Plant considered 

unaffected by Rocky Flats Plant activity. 
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4.4.2 Recommendations 

These radionuclide background concentrations indicate that background could be 
excluded from the statistical analyses. The radionuclide background concentrations are 
near or below I pCi g-1. This would indicate that soil action levels for each radionuclide 
at I O  pCi g-I or higher could be statistically evaluated without consideration of 
background. However, it must be noted that DOE and the site contractor must determine 
whether they can accept the potential consequences of additional remediation by not 
considering background radionuclide concentrations in the statistical analyses. 

4.5 Determining the Required Number of Samples 

There are several equations. available for calculating the number of samples required to 
obtain a specified level of confidence in the estimated value of the mean. These equations range 
from siinple to more complex formulations. Equations are presented in the MARSSIM (NRC 
1997) guidance for determining the number of required samples based on the Wilcoxon Rank 
Sum and Sign tests, and the reader is referred to this document for further information on these 
methods. Additional approaches to deterniine the required number of soil samples are provided in 
this section. 

4.5.1 Methods 

SAB (1997) presents an equation for the number of required samples for ensuring that 
sampling of a percentile, w of the distribution with some probability P (e.g., P = 0.95), the 
relevant equation for the required sample sizc N is 

Ln(I - P )  
L n ( o )  

N =  
(4-4) 

The result of Equation (4-4) with P and co = 0.95 is 59 if we round up  to the nearest integer. 
Therefore, SAB ~ ( I  997) states that a sample size of about 60 will nearly always be sufficient to 
cliaracterize a survey uni‘t. HoCvevG, SAB ( 1  997) does not provide a reference for this particular -. 
sainple size equation, so further investigation into its validity was not possible. 

EPA (1989) presents a method for estimating the required number of samples for a 
systematic sampling design where the statistical parameter of interest is the mean. The sainpling 
precision of an estimated mean from a systematic sample depends on the pattern of 
contamination at the site and how the systematic sample is constructed. However, EPA (1989) 
notes that the standard error of a mean based on a systematic sample will usually be comparable 
to or less than the standard error of a mean based on a random sample of the same size. 
Therefore, using the sample size formulas for a random sample when the sample was collected 
systematically will generally error on the side of conservatism. The following equation is 
presented by EPA (1989): 

- = 
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2 21-p + 21-a N = o  { } 
SAL - ,u~ 

(4-5) 

where 
N = number of soil samples 
&? = standard deviation 

= 
= 

critical value for the normal distribution with probability I-p 
critical value for tlie normal distribution with probability 1-a 

the value of p (Le., the “true” but unknown mean contaminant concentration across the 
sample area, or population mean) under the alternative hypothesis for which a specified 
false negative rate is to be controlled (pi < p). 

SAL = soil action level 
pi = 

White and Hakonson (1979) investigated the statistical aspects of the use of the coefficient 
of variation, c, in the design of environmental plutonium studies. The number of observations,n, 
required for acceptable results is dependent on ( I )  the desired precision of the estimate 
(confidence interval length) or the power of the test to be obtained and (2) the variance of the 
data. Deming (1950) discusses how c can be used to determine the necessary sample size, ti, to 
estimate a mean, x with some standard error y, when the standard error is expressed as a percent 
of the mean. Deming denotes y as the coefficient of variation of the estimate, that is 

Witliout any 
standard error y is 

SE (x) y=---- . x (4-6) 

knowledge of the mean, tlie sainple size required to estimate tlie mean with 

2 

n=(;)  . 
(4-7) 

From this equation, we can see that n increases as the square of c, or that as c doubles, il 

quadruples. White and Hakonson (1979) evaluated the variability of plutonium concentrations i n  
soil and reported coefficients of variation for Microplot 1 and 2 from the Little (1976) study of 
2.7 and 8.4, respectively. 

4.5.2 Variability of the Radionuclide Concentrations 

In general, most equations for the determination of sample size require an initial estimate of 
the variability for the soil measurements within the survey unit. Therefore, an estimate of the 
standard deviation, o, variance, 02, or coefficient of variation, c = dp, of the contamination 
distribution must be obtained. Unfortunately, the standard deviation is usually unknown and must 
be estimated for the purpose of determining the sample size. I n  practice, the estimate of 0 is 
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either obtained from past sampling data or by conducting a sinall preliminary investigation i n  the 
survey uni t  of interest. 

4.6 Classification and Identification of Survey Units 

All areas of the RFETS site will not have tlie same potential for contamination and, 
therefore;will not need the same level of investigation to achieve the soil action levels. The final 
verification surveys will be more efficient if the surveys are designed so that areas with a higher 
potential for contamination receive a higher degree of investigation as recommended in NRC 
( 1997). 

The MARSSIM (NRC 1997) provides classifications for areas based upon their potential for 
contamination exceeding the respective soil action levels. Contamination areas must be classified 
to determine the appropriate survey unit size. Survey uni t  sizes are discussed in the Section 4.6.4. 
The MARSSIM classifications are described in Sections 4.6.1 through 4.6.3. 

4.6.1 Class 1 Area 

Class 1 areas have, or had before remediation, a potential for radioactive contaniiiiation 
(based on site operating history) or known contamination (based on previous radiological 
surveys). Areas containing contamination in  excess of tlie action levels before remediation are 
classified as Class 1 areas. Examples of Class I areas include (a) site areas previously subjected 
to remedial actions, (b) locations where leaks or spills are known to have occurred, (c) former 
burial or disposal sites, and (d) waste storage areas. 

46.2  Class 2 Area 

Class 2 areas have, or had beforc remediation, a potential for radioactive contamination or 
known contamination but are not expected to exceed tlie action levels. To justify changing an 
area’s classification from Class I to Class 2, the existing data from scoping or characterization 
surveys should provide a high degree of confidence that no individual measurement would 
exceed the action levels. Examples of areas that might be classified as Class 2 for the final status 

-surveys .include (a) potentially contaminated transport routes, (b) areas downwind from stack 
release points, and (c) areas on the perimeter offormer contamiill?tioii control areas. - -- - 

~ 

4.6.3 Class 3 Area 

Class 3 areas are any impacted areas that are not expected to contain any residual 
radioactivity or are expected to contain levels of residual radioactivity at a small fraction of the 
action levels based on site operating history and previous radiological surveys. Examples of areas 
that might be classified as Class 3 include buffer zones around Class I or Class 2 areas and areas 
with very low potential for residual contamination but insufficient information to justify a 
tion impacted classification. 
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4.6.4 Identification of Survey Units 

A survey uni t  is a physical area consisting of land areas of specified size and shape for 
which a separate decision will be made as to whether that area exceeds the soil action levels. The 
survey unit is the primary entity for demonstrating compliance with the release criterion (NRC 
1997). 

To facilitate survey design and ensure the number of survey data points for a site are 
relatively uniformly distributed among areas of similar contamination potential, the site is divided 
into survey units. The survey units share a common history and/or other characteristics or are 
naturally distinguishable from other portions of the site. Dividing the site into survey units is 
critical only for the final status (verification) survey; scoping, characterization, and remedial 
action support surveys may be performed without dividing tlie site into survey units. 

Based upon NRC (1997), survey units should be limited in size based on classification, 
exposure pathways modeling assumptions, and site-specific conditions. Table 4-5 contains the 
suggested areas for survey units given in the MARSSJM (NRC 1997) guidance. 

Table 4-5. Survey Unit Suggested Areas (NRC 1997) 
Classification MARSSIM-suggested area 

u p  to 2,000 mL 
2,000 to IO,OOO in2 

Class I-land areas 
Class 2-land areas 
Class 3-land areas No limit 

Tlie equations for tlie number of samples needed for a survey u n i t  are typically based on tlie 
variance of the contamination tvithin a survey u n i t  and do not consider tlie size (i.e., area) of the 
survey unit. Therefore, the limitation on survey uni t  size for Class I and 2 areas ensures that each 
area is assigned an adequate number of sample points. The limitations on survey uni t  size 
provided by NRC (1997) are only suggested values. Tlie DQO process should consider additional 
factors for delineating survey units, including areas of remediation as survey u n i t  boundaries. 

Several considerations are associated with defining survey units, for example: 

1. 

2. 

3.  

Multiple survey units should be specified for tlie RFETS. These areas sliould be defined 
so that they are as homogeneous as possible with respect to radionuclide coiicentrations. 

Survey units should also be defined according to potential contaniination events. For 
example, areas identified by Litaor (1995) that contain uranium containination, sucli as 
from the east spray fields (see Section 4.1.3), should be identified as separate survey 
units from areas that were not contaminated by uranium. 

The RFETS will contain areas that require remediation and otliers areas that do not 
require remediation. Areas that have been remediated should not be combined with areas 
that have not been remediated i n  the same survey unit .  I n  addition, areas that have 
undergone different remediation techniques, for example removal versus inixing, sliould 
also not be combined in  the same survey unit. 
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4.6.5 Recommendations 

0 . RAC recommends that the MARSSIM classification scheme and limitations on survey 
un i t  size be used for the final status survey. 

4.7 Small Areas of Elevated Activity (Hot Spots) 

The use of systematic grid, with a random starting point, for soil sampling provides data to 
determine the upper 95% confidence interval of the mean for comparison to the soil action levels. 
Soil sampling with a systematic sampling grid may not successfully identify small areas of 
elevated contamination. Instead, soil sampling on a systematic grid, along with radiation 
detection instrumentation, are recommended to obtain adequate assurance that small areas of 
elevated radioactivity (Le., hot spots) are identified during the final status survey. 

4.7.1 Definitions and Detection Methods 

The RSALOP and RAC have been involved in discussions dealing with hot spot definitions 
and methods to ensure that acceptable radionuclide soil concentrations are attained at tlie RFETS. 
The RSALOP has developed the following hot spot definition: 

A hot spot is the location where m y  suniple (or cornbination of saniples) taken when 
following CI prescribed sampling protocol that results in a radionuclide soil concentration 
exceeding the soil action level. . 

The RSALOP has also developed tlie following supporting statements in  regard to hot spots: 

0 If a hot spot is found to exist, i t  should be evaluated to determine if actioii is required. 

1. Hot spots with areas equal to or greater than 100 in2 must be remediated if the 95% 
uppcr confidence l imit  of the arithmetic mean soil concentrations, calculated from 
sample data taken i n  tlie liot spot, exceeds tlie soil action levels. The aritlimetic mean 

- 
~ - is calculated by simple averaging of the soil concentrations in the hot spot because 

~ 

- 

-. - - _  - - _ _ -  - -  the liot spot encimhas theZentire averaging area o - _  

2. Remediation is required for hot spots with areas less than 100 in2 when the area 
weighted arithmetic mean soil concentrations at the 95% upper confidence interval 
for the hot spot, when summed with the area weighted mean (95% confidence 
interval) oftlie soil concentration in the remaining 100 m2 area (or as an alternative, 
the averaging area for the residential scenario), exceeds tlie soil action levels. The 
area weighted arithmetic means are used for this case (Le., hot spot arca < IO0 m2) 
because the hot spot area does not encompass the entire averaging area of 100 m2. 

0 I t  is rcasonable to assume that a hot spot(s) can exist within a defined area and tlie dose 
criteria for the area will still be met. 
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The RSALOP may wish to establish soil action levels that if exceeded, must be 
remediated regardless of tlie results from averaging discussed above. The alternative 
action levels will ensure that small hot spots (i.e., < 25 m2) do not contain unacceptable 
radionuclide soil concentrations regardless of tlie results of area averaging. 

Identification of a hot spot, according to tlie above definition, requires that DOE and their 
site contractor, Kaiser-Hill Company, conduct additional investigations of hot spots. This can be 
accomplished by additional soil sampling or in situ gamma spectroscopy techniques (see tlie 
following section on surrogate measurements). The size of the hot spot must be delineated and 
the average radionuclide soil concentrations determined. Averaging of the liot spot over a 100 m2 
area was considered by the RSALOP to be consistent with future residential use of tlie land and 
to be protective of children that may be exposed to these hot spot in residential backyards. 

The RSALOP has conducted a workshop on instrumentation for the detection of 
radionuclides in the Rocky Flats environment and is aware of nietliods and techniques available 
for use in the soil action level study. At Rocky Flats, the use of in situ gamma-ray spectroscopy 
measurements, which employ high-energy resolution germanium gamma-ray detectors, can used 
to identify areas of elevated soil contamination. The use of in situ gamma-ray measurements is 
recommended by RAC for identifying liot spots that may potentially be located between the soil 
sample locations. I t  should be noted that instrumentation for radiation detection is a vast field of 
study and new developments are continuously being announced. Therefore, RAC does not want 
to discourage tlie use of more recent techniques or tlie development of better detection 
instrumentation. RAC encourages DOE and Kaiser-Hill Company to investigate tlie use of these 
emerging technologies and techniques for application to the final status survey during tlie DQO 
process. 

Recent studies have been conducted on the identifying liot spots using i i i  situ gaiiima 
spectroscopy techniques. Reginatto et at. (1998, 1997) developed a coniputer code, ISD97, to 
analyze data from a series of in situ gamma spectroscopy mcasurenients on a grid. Tlic code was 
designed to be used as a tool when evaluating compliance with regulations that set limits on tlie 
size and magnitude of hot spots. The code calculates tlie location and inagnitude of potential 
elevated activity areas consistent with the data; for each potential elevated area, it generates a 
corresponding distribution of radionuclides in soil. I n  practical applications, if any of these 
potential distributions appear to exceed the soil action levels, further field ivork (such as soil 
sampling, collimated measurements, or additional nieasurements on a closer grid spacing) would 
be used to determine whether such an elevated area was present. The algorithm i n  tlie code uses a 
maximum entropy deconvolution of the data. I n  deconvolution, tlie data and a set of additional 
conditions are used to find a distribution of activity in  the soil that fits the data and satisfies tlie 
given set of conditions. 

4.7.2 Recommendations 

RAC recommends tlie use of i n  situ gamma spectroscopy measurements to identify liot 
spot areas that may be located between tlie soil sampling points located on a systematic 
grid. 
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RAC recommends that hot spot locations identified by soil samples or in situ gamma 
spectroscopy measurement be investigated further to delineate the size of the hot spot 
and to determine the upper 95% confidence interval of the mean concentration for 
radionuclides contained in tlie hot spot. 

RAC recommends that DOE and their site contractor, Kaiser-Hill Company, investigate 
the use of emerging techniques such as the ISD97 computer model (Reginatto et al. 
1998, 1997) for use in locating hot spots during tlie final status survey. 

4.8 Surrogate Measurements 

With multiple radionuclides in tlie soil at Rocky Flats, it may be possible to use surrogate 
measurements. A surrogate radionuclide is- easily measured and implies the concentration of 
other radionuclides. 

4.8.1 Site-specific Studies 

Tlie application of surrogates has been investigated by Shiernian (1994) and H’ulse et al. 
(1999). Shierman (1994) investigated the use of241Am as a surrogate to determine 2397 240Pu. 
Tlie 241Am concentratioiis obtained during the study along the C transect of the 903 Pad were 
used to describe tlie 2399 24oPu concentrations, and tlie following relationship was found: 

239*240Pu(pCig - l )=  ’“An?(pCig-’)x0.189-’ . (4-8) 

Shierman (1994) indicated that this relationship can be used to estimate the 239Pu 
concentration indirectly by counting tlie 241 Am via gamma spectroscopy. This would provide a 
quick method to quantify 239Pu without expensive and labor-intensive radiochemical techniques. 
However, Shieriiian indicates that this technique may not be useful in low-level environmental 
samples (less than 0.27 pCi g-1) because of tlie difficulty i n  quantifying24lAm using gamma 
spectroscopy at such levels. In  these cases, radiochemical techniques would be required. The 
ratio of 241Ain to 239,240Pu for the RFETS soil analyzed in the Shierman (1994) study 
remained -constant_ (r = 0.9 ) a s  .~ depth increased, but it was highly variable. Because no 
relationship between the rati d depth was found by Shierinan (1994), all the samples from-t1ie1.. _= 

C transect were pooled and a median value (the distribution of the ratio data was skewed) of 
0.166 was determined. The mean and standard deviation were 0.187 f 0.94. Tlie ratio of 24 I Am 
and 239924oPu for the sampling locations on the A transect had a median of 0.189. The mean and 
standard deviation of the ratio for the A transect was 0.21 0 f 0.85. 

tlulse et al. (1999) presented a similar relationship between 241Am and 239~24oPu using 
their data and data from splits of samples reported by Webb (1996) and Webb et al. (1994, 1997). 
The data indicated a strong relationship between241Am and 2399240Pu in soil from depths of 0- 
3 cni. A log-log regression yielded 
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with an r-squared value of 0.87 for locations where soil concentrations exceeded decision levels. 
They also found that the ratio between 241Arn and 239.24oPu in soil samples from depth of 0-3 
cm, which was estimated by regression, was 0. I8 for all onsite locations. Tlie ratio for offsite 
locations was 0.36. The ratio between concentrations of 241Am and 2399240Pu in soil from 
depths of 0 to 3 nim for all onsite locations was 0.22. This ratio was found by Hulse et al. (1999) 
to be the same as that reported by Mongan et al. (1996) in airborne effluents from Rocky Flats 
and almost the same as the ratio (0.2 I )  reported by Litaor and Allen (1996) in soil from depths of 
0 to 6 m m  at their onsite sample locations. The results were also consistent with ratios calculated 
by Litaor et at. (1998) for concentrations in  soil from depths of 0 to 20 cm and 20 to 40 cm at 
locations close to the 903 Pad. 

Hulse et al. (1999) also used nonlinear regression to estimate parameters for the Hill four- 
parameter sigmoidal model that predicts tlie ratio of 241Am to 239,240Pu i n  soil from depths of 0 
to 3 cm (Y) at distance ( X  i n  kin) from tlie 903 Pad. The model is given by equation 4- 10. 

Y = r;, + (aX”(Ch + X h ) - ’  (4- 10) 

Tlie parameters, Yo, CI, b, C were determined to have values of 0.21, 0.21, 5.16, and 1.16, 
respectively. The model predicted that tlie ratio (95% confidence interval) should be 0.2 1 (0.15 to 
0.29) close to tlie 903 Pad and 0.41 (0.35 to 0.5 1) at distances of more than 50 kin. The predicted 
ratio of 0.41 at background locations was higher than the mean ratio of 0.36 estimated directly 
from soil coiicentrations i n  samples from offsite locations. Tlie predicted ratio was higher than 
tlie ratio of 0.32 obtained by adjusting the ratio estimated by Krey et at. (1976) for additions of 
24IAm from tlie decay of241Pu in  global fallout since 1974. It was also higher than tlie ratio of 
0.29 k 0. I7 that 1-lulse et al. ( I  999) estimated using coiiccntrations i n  background soil samples 
reported by DOE (1995). Litaor and Allen (1996) reported that the mean ratio between 241Am 
and 239324oPu i n  soil from depths of 0 to 6 m m  at offsite locations around Rocky Flats was 0.56. 
I-Iulse et al. state that these ratios sliould be used judiciously when predicting concentrations of 
239,240Pu from soil concentrations of 24lAt11 to delineate the extent of contamination from 

Tlie benefit of using tlie surrogate approach is tlie reduced cost of not having to perform wet 
cheinistry analyses on each sainple. This benefit must also consider tlie relative difficulty in  
establishing tlie surrogate ratio, as well as tlie potential consequences of unnecessary 
investigations that result from the error in using a conservative surrogate ratio. 

NRC ( I  997) recommends that wlien tlie ratio is established before remediation, additional 
post-remediation samples should be collected to ensure tliat the data used to establish the ratio are 
still appropriate and representative of tlie existing site condition. If these additional post- 
remediation samples are not consistent with tlie pre-remediation data, surrogate ratios should be 
reestablished. 

Rocky Flats. 

1.8.2 Recommendations 

0 K/iC recommends the use of surrogate measurements in the final status survey at tlie 
RFETS. The ratio of 241Ain to 239,240Pu would provide a mechanism for tlie i n  situ 
gamma spectroscopy nieasureinents of 241Ani to be used to predict tlie soil 
concentrations of 239,240~11. 
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RAC recoinmends that post-remediation samples be collected to ensure that the data 
used to establish the ratio are still appropriate, as specified in the MARSSIM guidance 
(NRC 1997). 

4.9 Independent Confirmatory Investigations 

An independent verification survey is performed by an independent third party, contracted 
by the DOE, to provide data to substantiate results of the final status survey. The independent 
verification survey would be limited i n  scope to spot checking conditions at selected locations, 
comparing findings with those of the final status survey, and performing independent statistical 
evaluations of the data developed from the final status survey. This task would burden the DOE 
with additional costs for the soil action level project; however,RAC considers the benefit of such 
an independent confirmatory investigation to outweigh the cost. The independent confirmatory 
investigation would provide the public with assurances that DOE and their site contractor, Kaiser- 
Hill Company, have conducted the final status surveys in a technically defensible manner and 
that decisions to release specific survey units of the site are the correct decision. 

4.9.1 Recornmcndations 

RAC recoinmends that the RSALOP request DOE to implement a confirmatory survey 
(also known as an independent verification survey) for the radionuclide soil action level 
project. This survey slioiild be performed by an independent third party. 
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5. SOIL SAMPLING QUALITY ASSURANCE 

The goal of QA/QC is to ideiitify and implement sampling and analytical methodologies that 
will limit the introduction of errors into analytical data. The required QA/QC program elements 
are typically developed and documented in QAPjPs or in similar documents, including, but not 
limited to, decommissioning plans, sampling and analysis plans, and field sampling plans. 
Section 2 discusses the RFETS sampling program and concludes that QA program elements are 
documented and available for use i n  the final status survey soil sampling protocol. However, the 
DQO process must be used to define the specific elements of the QA program for use in the soil 
action level study. 

I n  general, the following progression of events leads to developing a QA/QC program for 
soil sampling programs: 

I .  
2. 
3.  Definition of the DQOs 
4. 
5. 

Statement of the study objectives 
Evaluation of the impact of mistakes 

Design of the soil sampling study to achieve DQOs 
Design of the QA/QC program to confirm achievements of  DQOs. 

Present guidance for the development of DQOs identifies the following factors for 

0 Precision 
0 Accuracy 
0 Bias 

Coinpleteness 
Representativeiiess 
Coin parabil i ty. 

consideration in the sampling program design (NRC 1997): 

Developing a QA prograiii for soil sainpling is beyond the scope of this report. Typically, 
developiiig a soil sainpling progr;ini and associated QA/QC requirements is an iterative process 
that the RSALOP, DOE, and Kaiser-Hill Company will need to perform during the DQO process. 

In this report, RAC outlines the available QA/QC guidance for soil sampling programs and 
suggested elements for consideration by the RSALOP. Elements of a QA/QC program for soil 
sainpling include DQOs, documentation, chain-of-custody, laboratory requirements, data 
validation, and the assessmelit of DQIs. 

5.1 Data Quality Objectives and Data Quality Indicators 

This section specifically targets the QA/QC aspects (or DQOs) of the soil sampling program 
and the method for identifying potential errors from the point of sample collection to the final 
analytical result. DQOs are qualitative and quantitative statements developed by data users to 
specify the quality of data needed from a particular data collection activity (EPA 1987). 

DQOs must address five DQls: precision, accuracy, representativeness, completeness, and 
comparability. Bias is also considered by the MARSSIM methodology manual (NRC 1997). 
Another data characteristic, level of detection, should also be addressed because i t  i s  closely 

Draft Final 



Task 6: Sampling Protocol Recommendations 
Draft Final Report 

49 

related to tlie other elements. Using DQIs i n  the QA sampling program allows researchers to 
determine if tlie data are of necessary quality to make a particular decision. 

DQIs are not al l  quantitative (numerical) measurements; some DQls are subject to 
qualitative (relative) analysis. Of tlie six principal DQls, precision and bias are quantitative 
measures, representativeness and comparability are qualitative, completeness is a combination of 
both qualitative and quantitative measures, and accuracy is a combination of precision and bias. 

The number of required QC measurements is determined by tlie available resources and the 
degree to which assurance is needed that a measurement process is adequately controlled. The 
number of QC measurements may also be driven upward as the action level approaches an 
instrument’s detection limit. 

A widely used standard practice is to collect a set percentage, such as 5% (EPA 1987), of the 
samples for QA purposes. However, this method has disadvantages. Depending on tlie number of 
samples to be collected, small numbers will result in insufficient QC samples, whereas large 
sample numbers may require too many QC samples and waste resources. A performance-based 
alternative is also available (EPA 1990). 

The precision of an estimate of tlie ‘’true” variance for precision and bias within a survey 
design depends on the number of QC measurements performed to provide the estimate. The 
MARSSIM provides one-sided upper confidence limits for selected numbers of QC 
measurements assuming tlic results of tlie measurements are normally distributed (see Table 5-  I ) .  
At the stated level of confidence, the true variance of tlie estimate of precision or bias for a 
specified number of QC measurements will be between zero and the multiple of the estimated 
variance listed in tlic table. For example, for five field replicate samples, you would be 90% 
confident that the true variancc for precision falls between 0 and 3.10 times tlie estimated 
variance based on tlie results of tlic five samples. 

When planning surveys, the nulnbcr of each type of QC measurement can be obtained from 
Table 5-1 .  For exaniplc, i f  tlic sur\’cy objective is to estimate the variance in the bias for a 
specific measurcment system between 0 and 2 times tlie estimated variance at the 95% 
confidence level, 1 5 nieasurenients of a material with known concentration (e.g., performance 
evaluation samples) would be indicated. 

The MARSSIM reconitnetids that tlic survey objective be set so that the true variance falls 
between 0 and 2 times the estimated variance. The level of confidence is then determined on a 
survey iinit-specific basis to adjust the number of each type of Q C  measurements to the 
appropriate level. 

- - .  - - -  _ _ .  - 

_ _  _ _  - _ _  I 
- - _  ___ 
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Table 5-1. Upper Confidence Limits for the True Variance as a Function of the Number of 
Quality Control Measurements Used to Determine the Estimated Variance” 

Number of 
quality control 
measurements 

Level of confidence (%) 

90 95 97.5 99 
2 9.49 19.49 39.2 1 99.50 
5 3.10 6.0 1 6.02 9.02 
10 2.05 2.54 3.08 3.91 
15 I .76 2.07 2.40 2.87 
20 1.61 1.84 2.08 2.42 
25 I .52 1.71 1.91 2.17 
30 1.46 1.62 1.78 2.0 1 
40 1.38 1.51 1.64 I .80 
50 1.33 1.44 1.61 1.68 
100 1.21 I .28 I .35 1.43 

The variance lies between 0 and x factor of the true variance at a given confidence level. For 
example, if 20 QC samples are taken, we are 95% confident that the true value lies between 0 
and 1.84 times the estimated variance. 

The DQls are described in tlie following sections. 

5.1.1 Precision 

Precision is a quantitative iiieasure of agreenient among replicate nieasurements of the same 
property under prescribed similar conditions (ASQC 1995). Scveral types of replicate analyses 
are available to determine the level of precision. These replicates are typically distinguished by 
the point i n  the sample collection and analysis process where the sample is divided. The types of 
QA samples that may be used for detcrniining precision include 

0 

0 

0 

Draft 

Col/oc~ited Srrlrip/e.s. Collocated samples are collected adjacent to the routine field 
sample to deteriiiine local variability of the radionuclide concentration. Analytical 
results from collocated samples can be used to assess site variation but only i n  the 
immediate sampling area. They are not recominended for assessing error (EPA I99 I). 

Field Repliccrres. Field replicate samples are obtained from one location, homogenized, 
divided into separate containers, and treated as separate samples throughout tlie 
remaining Iiandling aiid analytical process. These samples are used to assess error 
associated with sainple heterogeneity, sample methodology, and analytical procedures. 
Field replicates are used when determining total error for critical samples with 
contaniination concentrations near the action level. For statistical analysis to be valid in 
such a case, a minimuni ofeight replicate samples would be required (EPA 1991). 

A~~uly~iccrl Lciborcitory Replicate. An analytical laboratory replicate is a subsample of a 
routine sample that is homogenized, divided into separate containers, and analyzed 
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using the same analytical method. I t  is used to determine method precision; however, 
because it is a nonblind sample (Le., known to the analyst), it can only be used by the 
analyst as an internal control tool and not as an unbiased estimate of analytical 
precision (EPA 1990). 

Laboratory Instrurnenf Replicate. A laboratory instrument rep1 icate is a repeated 
measurement of a sample that has been prepared for counting (i.e., laboratory sample 
preparation and radiochemical procedures have been completed). It is used to 
determine precision for the instrument (repeated measurements using same instrument) 
and the instrument calibration (repeated measurements using different instruments, 
such as two different gennanium detectors with multichannel analyzers). A laboratory 
instrument replicate is generally performed as part of the laboratory QC program and is 
a nonblind sample. It is typically used as an internal control tool and not as an unbiased 
estimate of the analytical precision. 

When collocated measurernents are performed, an estimate of  total precision is obtained. 
When collocated samples are not available for laboratory analysis, a sample subdivided in  the 
field and preserved separately can bc used to assess the variability of sample handling, 
preservation, and storage along witli tlie variability i n  the analytical process, but variability in 
sample acquisition is not included. When only variability in  tlie analytical process is desired, a 
sample can be subdivided i n  the laboratory before analysis. 

5.1.2 Bias 

Bias is the systcmatic or persistent distortioil of a measurcment process that causes errors i n  
one direction (ASQC 1995). Bias is detcrmincd quantitativcly based on tlie analysis of samples 
with a known concentration. There are several types of samples witli known concentrations: e 

Reference 11futerirrl. Reference material is a material or substance, otic or more of whose 
property values are sufficiently lioinogeneous and well established to be used for the 
calibration of an apparatus, the assessmeilt of a measurement mctliod, or for assigning 

~ values-to-materials (IS0 i993).-A certifLed reference ~ - -  material contains certified values 
that are accompanied by an uncertainty at a stated level -of coiifidefice. When 
appropriate reference materials are available (i.e., proper matrix, proper radionuclide, 
and proper concentration range), they are recommendcd for use i n  determining the 
overall bias for a mcasurenient system. 

~ 

.~ - -  

- -  

Per-irniunce Evrrlriufioii .S~t~zpIe.s. Pcrformance evaluation samples evaluate the overall 
bias of an analytical laboratory and detect any error in the analytical method used. These 
saniples are usually prcparcd by a third party, using a quantity of radionuclides that is 
known to tlie preparcr but unknown to the laboratory and always undergoes certification 
analysis. Laboratory procedural error is evaluated by thc percentage of the radionuclide 
identified i n  tlie performance evaluation sample (EPA I99 I ). 
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Matrix Spike Samples. Matrix spike samples are environmental saniples that are spiked 
in tlie laboratory with a known concentration o f  a target radionuclide to verify percent 
recoveries. They are primarily used to check sample matrix interferences, but they can 
also be used to monitor laboratory performance. However, a data set o f  at least three or 
more results i s  necessary to distinguish between laboratory performance and matrix 
interference (EPA 199 1). 

Several types o f  QNQC samples are also used to detect bias caused by contamination, which 
include 

0 Field Blanks. Field blanks are samples prepared in tlie field using certified clean sand or 
soil and then submitted to the laboratory for analysis (EPA 1991). A field blank is  used 
to evaluate contamination error associated with sampling methodology and laboratory 
procedures. I t  also provides information about contaminants tliat may be introduced 
during sample collection, storage, and transport (NRC 1997). 

0 Method Blanks. A method blank is  an analytical control saniple used to demonstrate that 
reported analytical results are not the result of laboratory contamination (ATSDR 1992). 
I t  contains distilled or deionized water and reagents and is  carried tlirougli the entire 
analytical process (laboratory sample preparation, digestion, and analysis). Tlie method 
blank is also referred to as a reagent blank. Tlie method blank i s  generally used as an 
internal control tool by tlie laboratory because i t  i s  a nonblind saniple (NRC 1997). 

5.1.3 Accuracy 

Accuracy i s  a measure o f  the closeness o f  an individual measurenieiit or t l ie average o f  a 
number o f  measurements to tlie true value (EPA 1997). Accuracy includes it combination of 
random error (precision) and systematic error (bias) coniponents that result from performing 
measurements. 

Accuracy i s  determined by analyzing a reference material o f  known concentration or by 
reanalyzing material to which a known concentration of  contaminant lias been added. To be 
accurate, data must be both precise and unbiased. As an example, consider a target. TO be 
accurate, the shots at t l ie target must land close together and, on average, at the spot wliere they 
are aimed. In  other words, t l ie shots must all land near tlie bull’s e j c  Figitre 5-1 shoivs this 
analogy. 
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high bias + low precision = low accuracy low bias + low precision = low accuracy 

high bias + high precision = lotv accuracy low bias + high precision = high accuracy 

Figure 5-1. Measurement bias and randoni iiieasiireineiit uncertainty (NRC 1997). 

Accuracy is usually expressed either as a percent recovery or as a percent bias. 
Determination of accuracy always includes tlie effects of variability (precision); therefore, 
accuracy is a combination of bias and precisioii. 

5.1.4 Representativeness 
_ _  - - .  -~ 

e n e s s  is- a measure of- the- degree- to nliicli- data .accurately_ and -. - precisel 
represent a characteristic of a poptilation parameter at a sampling point (ASQC 199 
Representativeness is a qualitative term that should be evaluated to determine whether physical 

contamination measured. 
When soil sampling is required as part of a survey design, it is critical that tlie sample 

collection procedures consider representativeness. Sample collection procedures also need to 
consider tlie modeling basis for tlie radionuclide soil action levels when deterniining tlie 
representativeness of  tlie samples. 

Representativeness is primarily a planning concern. The solution to enhancing 
representativeness is in the design of tlie sampling plan. Analytical data quality also affects 
representativeness because data of low quality may be rejected for use i n  tlie analysis. 

I samples were collected in a manlier that tlie resulting data appropriately reflect tlie media and 
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5.1.5 Comparability 

Comparability is  a qualitative term that expresses the confidence that two data sets can 
contribute to a common analysis and interpolation. Generally, comparability is provided by using 
the same measurement system for a l l  analyses o f  a specific radionuclide. Comparability i s  usually 
not an issue except in cases where historical data have been collected and are being compared to 
current analysis results or when multiple laboratories are used to provide results as part of  a 
single sampling design (NRC 1997). 

The comparability objective provides the needed control over the total measurement process 
to ensure that different studies can be compared. Comparability provides a basis for comparing 
trends over time or space, evaluating the relationship between sampling programs, or ensuring 
that phased sampling efforts produce data of a consistent quality. 

When sampling is to occur over an extended'period o f  time or when the investigator desires 
to compare several sites, it i s  necessary to ensure that the samples be collected in a comparable 
manner, from comparable fraction of the soil mass, and with comparable methods. For example, 
samples collected by coring should not be compared with bucket auger samples. 

5.1.6 Completeness 

Completeness i s  a measure o f  the amount o f  valid data obtained from the measurement 
system, expressed as a percentage o f  the number of  valid measuremeiits to total number of  
measurements collected. 

Completeness for measurements is  calculated by the following formula (NRC 1997): 

(number of d i d  n?ecisw'et?ients) x I 00 
lotcrl nutn bet- of tncnsiirenicnts p h n e d  

% completeness = . (5-1) 

Samples collected on a grid to locate arcas o f  elevated activity are also a coiicern for 
completeness. If one sample analysis i s  not valid, the entire sample design for locating areas o f  
elevated activity may be invalidated. I f  a sufficient amount o f  sainple was origiiially collected, 
the analysis can be repeated using archived sample material. 

Completeness is  not intended to be a measure of  representativeness, that is, i t  does not 
describe how closely the measured results reflect the actual concentration or distribution of the 
contaminant in the media being measured. A project could produce 100% data completeness, but 
the results may not be representative of  the actual contaminant concentration. Alternatively, there 
could be only 70% data completeness (30% lost or found invalid), but because o f  the nature o f  
the sample design, the results could s t i l l  be representative o f  the target population and yield valid 
resu I ts. 

For most final status surveys, the issue o f  completeness only arises when the survey unit 
demonstrates compliance with the release criterion and less than 100% of the measurements are 
determined to be acceptable. The question then becomes whether the number o f  measurements is  
sufficient to support the decision to release the survey unit. 

An alternative method to ensure completeness is to take samples in addition to those 
determined appropriate for the sample design. Thc planning stages of  any study must take into 
consideration the fact that not a l l  samples wil l make i t  intact through the entire measurement 
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process. For example, sample containers will be broken, instruments will fall out of control, data 
will be lost, and sample tags will be lost. Many factors can lead to a sample result being 
invalidated. These invalid samples can be compensated for by oversampling or by using a phased 
sampling effort that allows areas where samples were lost to be resampled i n  subsequent phases. 
This latter approach ensures that the desired number of samples will be collected. For example, if 
20% more measurements were taken in a survey design than required, then a sampling project 
with 80% completeness may still have sufficient power to support a decision to release the survey 
unit. 

The design of a particular sampling effort provides a minimum number of samples needed to 
yield a desired level of precision for the final results. The probabilities of false positive and false 
negative answers are specified at the outset. Obviously, any loss from the required number of 
samples will impact the final results. DOE has set a completeness objective for environmental 
survey programs at 90% for both field sampling and laboratory analyses (DOE 1987). 

5.1.7 Detection Limits 

Selecting analytical methods based on detection limits is an important process. The detection 
limit of the method directly affects the usability of the data because results near the detection 
limit have increased measurement uncertainty. 

5.2 Data Validation 

Validation of the analytical data is the process by which the quality of the data is asscsscd 
by using the specified DQls and QA/QC sample results. Analytical data validation, iiicluding 
field and laboratory data review, is defined as the systematic process, performed ekternal from 
the data generator, that applies a defined set of performance-based criteria to a body of data and 
may result i n  qualification of the data. Data validation provides a level of assurance, based on a 
technical evaluation, that an  analyte is present or absent; if present, it provides the level of 
uncertainty associated with the measurement. Data validation must occur before drawiiig a 
conclusion from the data. 

Analytical data validation for radiochemistry includes a technical review of the laboratory 
_data.package - -  covering the _ _ _ _  evaluation of DQI samples, the identification and quantitation of 

analytes, and the effect of deficiencies in QC on analyticalSample data. 
Although the EPA has developed numerous guidance documents relating to data validation 

of organic and inorganic constituents, no national standard currently covers data validation of 
radiochemistry concepts adequately. The need for a document of this type has been recognized 
by most of the DOE complex. There is reference i n  the MARSSIM (NRC 1997) to the 
development of such guidance, the Multi-Agency Radialion Laboratory Analytical Protocols 
( M R L A P )  Manual; however, currently, no such document exists. Because of the lack of specific 
guidance, currently each DOE site has developed site-specific data validation procedures for 
rad ioche in is t ry data. 

During data validation, the reviewer examines the data, documentation, and reports to 
determine i f  the sampling program was conducted within the limits specified by t l~c  DQO 
process. 

--= = ~- - ~ - 

T-. -1 = - - - - -  _ _  
- 
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5.3 Documentation 

Three types of documentation are available for review during the data validation process: 
( I )  field operation records, (2) laboratory records, and (3) data handling records (EPA 1997). 

5.3.1 Field Operation Records 

The information contained in these records documents the field operations and consists of 
the following: 

Field Measurenient Records. Field measurement records provide documentation that the 
proper measurement protocol was performed during the sampling project. This 
documentation includes the names of the persons conducting the sampling, sample 
location and identification, maps and diagrams, equipment and SOP used during 
sampling, and unusual observations. Bound field notebooks are generally used to record 
raw data; however, data recording forms may also be used for this documentation. 

Sample Tracking Records. Sample tracking records, also referred to as chain-of-custody 
records, document the progression of samples as they travel from the original sampling 
location to the laboratory and finally to disposal. 

General Field Procedures. General field procedures, also referred to as SOPs, record 
the procedures used in the field for collecting soil samples. 

5.3.2 Laboratory Records 

The following list describes some of the laboratory-specific records that should be reviewed 
if available and appropriate: 

Laboratory Measurenient Results and Satnple Data. Laboratory measurement results 
and sample data contain information on the sample analysis used to verify the analytical 
methods that were followed. The overall number of samples, sample identification, 
sample measurement results, any deviations from the SOPS, time of day, and date 
should be included. Sample location information may also be provided. 

Satnple Managenient Records. Sample management records should document saniple 
receipt, handling, and storage and scheduling of analyses. The records will verify that 
sample tracking requirements were maintained; reflect any anomolies i n  the samples, 
such as receipt of damaged samples; and note proper log-in of samples into the 
laboratory. 

QC Meusuretnent Records. QC measurement records include general QC records, such 
as initial demonstration of capability, instrument calibration, routine monitoring of 
analytical performance, and calibration verification. Project-specific information frorn 
the QC checks, such as blanks, spikes, calibration check samples, replicates, and splits, 
should be included in these reports to facilitate data quality analysis. 

Draft Final 



Task 6: Sampling Protocol Recommendations 57 
Draft Final Report 

5.3.3 Data Handling Records 

Data handling records document protocols used in data reduction, verification, and 
validation. Data reduction addresses data transformation operations, such as converting raw data 
into reportable quantities and units, using significant figures, and .calculating measurement 
uncertainties. The records document procedures for handling data corrections. 

5.4 Data Validation Qualifiers 

Data validation begins with an assessment of the quality of analytical results and is 
performed by a professional with knowledge of the analytical process. Depending on the survey 
objectives, the level and depth of review varies. The level and depth of the data validation may be 
determined during the planning process and should include an examination of laboratory and 
method performance for the measurements and radionuclides involved. This review includes 

0 Evaluating data completeness 
0 Verifying instrument calibration 
0 

0 

0 Examining blanks for contamination 
0 

0 

0 Assessing applicability and validation of analytical procedures or sitc-specific 

0 

Measuring precision using replicates or split samples 
Measuring bias using reference material or spikes 

Assessing adherence to method specifications and QC limits 
Evaluating method performance in sample matrix 

ineasureinents 
Assessing external QC measurement results and QA assessments. 

Following the data validation process, data are assigned validation qualifiers. The person 
conducting the data review assigns coded qualifiers to the data when QC requirements or other 
evaluation criteria are not met. An explanation of the data qualifiers should be includcd iri the 
data validation report, along with a summary of the quality of the data package. 
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6. CONCLUSLONS 

The primary goal of Task 6 is to develop rcconuiicndations for a soil sampling protocol for 
use at WETS to obtain soil coiiccntration data for coiiiparisoii to tlic soil action levcls. Sariipling 
protocols are writtcn descriptions of thc dctailcd proccdurcs to be followcd in collccting, 
packaging, labeling, preserving, transporting, and docuincnting the samples. 

Sampling protocols arc dcvclopcd using thc iterative DQO process and require DOE aiid its 
contractor to evaluatc scveral iniportaiit considcrations. Thcsc considerations includc evaluating 
sampling and analytical costs in rclation to availablc rcsourccs and acccpting potcntial decision 
errors that may result in rcnicdiating sitcs that arc judged contaiiiiriatcd when they arc actually 
below thc soil action Icvels. Convcrsely, developing a saiiipliiig protocol must also incorporatc the 
concerns of thc gencral public and other stakeholders, which are rcprcscntcd by thc RSALOP and 
the soil action level study. Bccause of the complexity of devclopiiig sampling protocols, with thc 
inlierent need to. balancc thc coiiccnis of DOE aiid thc RSALOP, dcveloping a comprchcnsivc 
sampling protocol was not considcrcd possible. In this report, IUC prcsciits reconuiiciidations for 
those clcments of a soil sampling protocol coiisidcred essciitial to ensure reprcscntativc soil 
samples are collectcd for comparison to thc soil action Icvcls. llicsc rccomniendatioiis are providcd 
to the RSALOP for prcscntation to DOE and its contractor, Kaiser-Hill Compaii)., for 
incorporation into thc soil sampling protocol and proccdures to bc uscd for thc soil action lcvcl 
study. 

Thc sampling protocol rccoiiimcndatioiis ivcrc dcvclopcd for the surfacc-soil sampling (1.c.. 0 
to 20 cni) duriiis final status sirrvq.. I n  this rcport, IUC' uscd tlic gciieral priiiciplcs of thc 
MARSSIM (NRC 1997) guidancc to dcvclop rcconiniciidations for a sampling protocol. kAC' has 
provided an cmpliasis in  this rcport on problcnis idcntificd ivith tlic MARSSIM guidancc in tcmis 
of its application to thc soil action lcvcls at Rocky Flats and potcntial solutions. 

The following is a sumnian of thc rcconuiicndations for 3 soil sampling protocol in support of 
thc final status survcy. IUC rccomiiiciids that 

1 .  

2. 

3 .  

4. 

3. 

6 .  

Thc DQO proccss bc used to dcvclop thc soil sampling protocol for thc final status 
survcy. 

DOE appoint rcprcscntativcs from thc RSALOP for iiiclusion on the DQO planning team. 

The RSALOP sclcct discrctc values from thc soil action lcvcl distributions for each 
radioiiuclidc and usc thcsc discrctc values for coiiiparisoii to tlic soil conccntratioii data. 

Soil samplcs bc collcctcd using profilc sampling 

Profilc sampling bc conducted in soil dcpth increments of 0-3 cni to bc consistciit \vith thc 
resuspension rnodcl parariictcrs uscd to develop thc soil action Icvcls. 

Soil samplcs should not bc compositcd; rather, individual soil samplcs should bc niial!.zcd 
for radioiiuclidc contaniinants. 

Draft Final 



Task 6 :  Sampling Protocol Recommendations 59 
Draft Final Report 

7. Soil samples be collected using a systematic grid sampling design, with a random 
starting point. 

8. A statistician familiar with the WETS and environmental statistical designs be included 
on the DQO planning team. 

9. The arithmetic mean of the soil concentration data and its associated uncertainty at the 
upper 95% confidence interval be used for comparison to the soil action levels. 

IO.  The MARSSIM (NRC 1997) non-parametric statistical tests not be used for the soil 
action level study since these test compare the median value of the sample distribution to 
the soil action levels. When the distribution is not symmetrical (Le., skewed), the median 
is not equal to the mean. 

1 1. Parametric statistical tests, bootstrapping, or geostatistical techniques be investigated for 
use in comparing the 95% upper confidence limit of the mean against the soil action 
levels. The statistical tests should be investigated during the DQO process and chosen 
according to knowledge of the areas to be sampled. 

12. Spatial correlations be investigated to determine their presence in the survey u n i t  of 
interest and to determine if methods are required to improve the estimate of the mean 
based on the systematic grid sampling method. 

13. The nul l  (Ho) and alternative (Ha) hypothesis are stated as Ho: p 2 SAL and 
Ha: p I SAL, where p is the mean soil concentration and SAL is the soil action level. 

14. The survey units be classified according to the NRC (1997) scheme and that the size of  
the survey units be limited accordingly. 

15. I n  situ gamma spectroscopy measurement be performed to identify potential hot spot 
- 

- - ~ - _  - -  - -  - - ;= -- - - ~- - - . -  ~- 
- -  - -  - ~ locations. 

~ - 

16. Hot spots identified by soil samples or in situ gamma spectroscopy measurements be 
investigated further to delineate the size of the hot spot and to determine the upper 95% 
confidence interval of the mean radionuclide concentrations contained in the hot spot. 

17. That hot spots greater than 100 m2 with arithmetic mean soil concentrations at the upper 
95% confidence interval that exceed the soil action levels be remediated. 

18. That hot spots less than 100 m2 be area averaged with soil concentrations in a IO0 m2 
area and area weighted to determine if the upper 95% confidence interval of the mean 
soil concentration exceeds the soil action levels and, thus, requires remediation. 
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19. The use of surrogate measurements in the final status survey. The ratio ofz41Am to 
239324oPu provides a mechanism for the in situ gamma spectroscopy measurement of 
241Am to be used to predict the soil concentrations of 239,240Pu. 

20. DOE implement an independent verification survey for the radionuclide soil action level 
project. This survey should be performed by an independent third party. 
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TASK 5: INDEPENDENT CALCULATION 
RESPONSES TO COMMENTS ON DRAFT REPORT 

INTRODUCTION 

In  response to our  draft report “Task 5:  Independent Calculation,” comments were received 
from anonymous peer reviewers as well as from panel members and the public. In this document, 
we present these comments and respond to them. Most of these comments were very helpful, and, 
as expected, helped RAC to identify some elements of the Task 5 report that needed 
improvement. As the  result of these comments, R4C will adapt the Task 5 report and release it in 
its final version i n  February 2000. 

Each set of comments is divided by a header that identifies from whom the comments came. 
Each individual comment is responded to by RAC in text following the comment. If the comment 
warrants a change to the final report, that change will be made as described. 

PEER REVIEW COMMENTS 

Reviewer A 

General Comments 

I .  I feel that this is, overall, an excellent piece of work. The authors have been very responsive 
to previous review comments, and they have used innovative approaches and mostly sound 
logic to extend the state of the art for this type of calculation. This is not to say that the 
report cannot be improved even further. I think a few more considerations, discussed bclow, 
are warranted before this is finalized. 

2. Some things that are particularly impressive about this work include the degree to which it 
has attempted to use and integrate existing, site-specific soil data from previous research, the 
use of air monitoring data to refine resuspension estimates, the use of the newest inhalation 

KESRAD, and a generally clear 
i n  the coliduci of tticzwo-rk:-- 

~ -- - _ _  estion dose factors, the front-end Monte Carlo driver to RESRAD to obtain - 

s6c results, the more than pedestrian modifiers 
specification of what considerations were or were not uti1 - -  - - 

RAC thanks this reviewer for the above comments. It was certainly our goal for this work to 
reflect site-specific information to the fullest extent possible. 

3 .  Some things that I think require further consideration include the initial effects, timing, 
magnitude and duration of secondary impacts of a prairie fire on resuspension and water 
erosion; the surprising effects of irrigation on actinide mobility (leaching and resuspension); 
and the surprisingly high ingestion doses for some scenarios (as compared to inhalation). 
These concerns are further explained in the specific comments. 

We will address these concerns as they arise in the specific comments. 

Risk Assessment Corporation 
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4. A critical reading of this report requires, especially, the Task 3 report entitled “Inpufs atid 
msun?ptions”. One suggestion would be to combine the Task 3 and Task 5 reports, or 
alternatively and perhaps more easily, to include a chapter or appendix in the Task 5 report 
which summarizes the input parameters and assumptions used in the computations so they 
can be easily referred to. This would be particularly useful in trying to better-understand 
and rationalize the “surprises” noted in General Comment 3. 

We will not combine the Task 3 and Task 5 reports, nor will we make Task 3 an appendix to 
Task 5. The primary reason for this is that the reports will be combined in the final report for this 
project. This final report will summarize the project as a whole and will include, as attachments, 
each of the Task reports. It would double our effort to combine the reports at this time. 

Specific Comments 

I .  It appears to me that the effect of a prairie fire as considered in the report was the removal of 
vegetation cover and a subsequent increase in the rate of resuspension. It  does not appear 
that the release of actinides during the burn itself was evaluated. Previous research gives 
estimates of the amount of Pu in vegetation and organic litter. I would think that using such 
information, a “bounding” calculation could be performed to estimate the upper limit 
perhaps of the release during the burn. Research on this issue has not been performed as far 
as I am aware, so there is much uncertainty on this topic resulting from a lack of knowledge. 
Obviously, the area covered by the burn, as well as the specific location, would be major 
determinants of the magnitude of the release, so these factors would require a reasonable 
treatment, perhaps a stochastic one. 

The question of the mobilization in smoke of plutonium attached to grass and litter is a 
completely legitimate and important one, and many of the ingredients for carrying it out are 
available. Our decision not to treat this question i n  this report was based on the time available for 
performing the calculations and developing explanations and justifications for the assumptions. I t  
seems to us that this component of potential exposure calls for yet another scenario for one or 
more individuals living off site, say east of Indiana Avenue. I t  would be necessary to modify the 
programs that estimate air concentrations. I t  would also require substantial extra effort to 
incorporate results of this special calculation into the RSAL scheme, because we thought i t  
unlikely that we would be permitted to stop with estimates of dose for such a scenario. The fact 
that it was not practical to include this calculation i n  the present report should not be interpreted 
as a disparagement of its importance or potential interest, and we will bring this out in the 
recommendations. 

2. I would think that the timing of a prairie fire would be very important in determining the 
intensity of the burn and the duration of the bare-soil condition. An early season fire, for 
example, would have less and greener biomass, and offer the possibility of recovery and 
recolonization of vegetation prior to the end of the growing season. A late growing season 
fire would have more and drier biomass to feed upon, leading to a hotter fire, and there 
would be little opportunity for revegetation unt i l  late the following spring. Also, the size of 
the area burned would affect the potential for resuspension and water erosion, as well as the 
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natural recovery rate of the vegetation. Such factors might be considered in the analysis of 
the effect of fire on dose to people. I am certainly pleased that the authors brought this issue 
up in  their analysis, but tlie analysis suffers from the over-simplicity of the treatment, and 
the lack of relevant research. 

We agree with tlie reviewer’s points. What they implicitly outline is a somewhat more 
elaborate fire model than was carried out for the draft. The fire model for the final report will be 

-more realistic. We will try to add some explanation of the shift toward the ingestion pathways. 

3 .  The argument for increasing the resuspension flux by a factor of about 200 based on data 
from other sites (p. 5-1 5 )  is not particularly convincing to this reviewer, since the effect of 
vegetation removal is likely to be modified by other factors such as topography, soil texture, 
other effects of the fire such as depletion due to releases during the fire, plant resin releases, 
increases ‘in bulk density of the surface soil due to loss of organic matter, and intense 
heating. While lack of knowledge is compensated for to some unknown degree by choosing 
large uncertainty bands, this analysis may or may not reasonably represent the actual event 
of a fire. I think the only solution to this problem is to strongly recommend that some highly 
focused research on this issue be undertaken. 

We substantially agree (although some of the data were from this site). We did include a 
paragraph in Section I O  pointing out the potential usefulness of nieteorological and dust- 
concentration measurements that might be taken at burned fields in the general vicinity of Rocky 
Flats. We will be happy to elaborate the call for the kind of research that might shed light on the 
fire scenario. 

4. The fire analysis appears to assume that the burn covers a very large area, perhaps all of tlie 
area east of the 903 Pad containing the bulk of the contamination. By assuming scenarios 
with and without fire, there will likely be a tendency for KSALs to be based on tlie fire 
scenario, since this is most conservative. I would prefer an approach where the probability 
of a fire, as well as the probability that it would cover various fractions of the most highly 
contaminated zones, is simp built into the probability distribution of the resuspension 

tor (whick should be time- pendent to account for the fire itself, thedgration of the bare 
soil condition, and the re-vegetation phase). This way, two separate scenarios (fire vs. :io 
fire) collapse into one basic scenario. This approach would require statistics oli the annual 
probability of prairie fires from the Front Range region or from similar areas. I’m not 
certain whether such data exist, but perhaps county planners or fire departments would have 
some data on this. 

- _  - 

As noted above, our fire model will be elaborated for the final report, and fire events will be 
treated probabilistically, incorporating the possibility of fire into every scenario. 

5 .  I like the analysis of the effect of time on the 0-3 cni inventory fraction using historical data 
sets (Fig. 4-1, p. 4-3). However, I ani unclear as to whether the equation refers to the top 3 
or top. 5 cni of soil. Is there a typo here or what? 

Risk Assessment Corporation 
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The curve refers to the top 3 cm, but some of the data not used in the curve-fitting operation 
are for other depths. The dashed line refers to a data set for a 5-cm sampling depth. 

6. On p. 4-8, 2’Id paragraph, next to last line, “exercise” is misspelled. 

Thank you for pointing out this error. The spelling will be corrected in the final version of 
the report. 

7. On p. 4-10, 4‘” paragraph, last line: I think “7 x should be “7 x IO3”, correct? 

Correct. Thank you for noting this error. 

8. On p. 5-1, 2 ’ I d  paragraph, it is noted that changes in the dose coefficients for inhalation and 
ingestion lead to “substantial” changes in the relative importance of these pathways. I 
would like to see a small table in the report, showing the old and new dose coefficients, so 
that the reader would have a more quantitative idea ofjust  how large these changes are. 
This is important, because many are likely to be surprised, as I was, about the relative 
importance of ingestion outlined in  chapter 8. 

This table was shown in the Task 3 report, but we take this reviewer’s point that it would be 
valuable to see it again at this point in the Task 5 report. We will copy this table from the Task 3 
report and insert i t  at this location i n  Task 5. 

9. The approach used to estimate resuspension, calibrating to real data, was very impressive 
and the observed vs. predicted graph for air concentrations (Fig. 5- I ,  p. 5-8) gives the old 
skeptics like me a lot of comfort. 

We appreciate this comment. 

IO .  In Table 5-1, p. 5-2, a bulk density of 1.3 g ~ n 1 . ~  for the top 1 mm of soil is probably too 
high, because this layer contains a large amount of organic matter and un-decomposed litter 
which is very light (see Webb et ai., 1997, p. 11-4). 

I n  the context of the aftermath of a fire, which is where the value is used for converting 
resuspension factors to resuspension rates (Section 5.3),  the value seems more reasonable than it 
might for unburned soil. There is some difficulty in deciding exactly what we mean by the top I -  
mm layer of soil. 

1 1 .  Ln chapter 6, the RESRAD approach to resuspension is explained. However this work used 
an entirely different, and I think better, approach. My question is then, what is the utility of 
this chapter, especially since some people skimming over the report may see this and then 
conclude that the RESRAD default was the approach used here? Am I missing something? 

We will keep this comment in mind as we revise the report. 

I .  
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12. On p. 7-4, first paragraph, it is implied that depletion of activity from the soil surface 
compartment is a function of the water infiltration rate and the K d  value. Research at CSU 
has shown in the laboratory that hundreds of years of simulated rainfall through soil columns 
does not budge particle-bound actinides. Rather, physical processes such as soil cracking 
from drying, animal movements, plant roots, etc. appear much more important determinants 
of the rate of depletion of the soil surface activity. Even dust fall tends to dilute and thus 
“deplete” the concentration of actinides at the soil surface. Of course, water movement 
through channels in  the soil will carry small particles (and their actinide burdens) downward, 
but this is not dissolved-phase transport. 

We agree completely with the comment and with its unstated conclusion, namely that tacitly 
using an aqueous-ion transport model, parameterized by Kd, as a surrogate for the dominant 
processes enumerated by the reviewer is unsatisfying at best, and is possibly misleading. It is 
better generally, in the absence of appropriate process-level models, to work with explicitly 
empirical approaches when data can be found to support them (see G.G. Killough, S.K. Rope, B. 
Shleien, and P.G. Voilleque, “Nonlinear estimation of weathering rate parameters for uraniu,m in 
surface soil near a nuclear facility,” Journal of Environmental Radioactivity 45 (1999): 95-1 18). 
However, we have stated a number of times throughout this project that we did not intend to 
conduct a comprehensive groundwater assessment and were looking at the pathway only to 
evaluate its potential for dose. We have stressed to the panel the importance of continued research 
in this field. 

13. On p. 7-4, the risks due to cleanup are mentioned. While this was not considered in the 
RAC study, 1 think it is an issue of great importance and relevance to RSAL values. 

We agree and feel that the panel should carefully consider these issues. 

14. On p. 8-9, it is stated that irrigation with 1 ni y-’ will cause substantial leaching of actinides 
from the surface soil. This appears to lower resuspension and to increase the relative 
importance of ingestion pathways. I have two problems with this logic. First, with the 
possible exception of uranium, I don’t think irrigation alone will move the material down 

-into the soil that much- Secondly, most of the mination immediately east of the 903 
Pad is in very rocky soil (Webb et ai., 1997, p. , which is not very suitable-for tilling 
and growing irrigated crops. I think a grazing scenario is very plausible, however. As one 
approaches Indiana Street, the soil becomes less rocky and a tillage/irrigation scenario 
becomes more plausible. Of course, tillage would effectively cover much of the surface 
contamination and result in lower resuspension rates of the actinides (after the dust settled 
from the plowing). 

_= -- - - ~~ 

- 
- - _  - -  - _  - 

The reviewer is referring to a discussion that tacitly accepts the RESRAD transport model 
for the soil column, which must be interpreted as a surrogate for whatever natural processes are 
redistributing the radionuclides. As our response to comment ## 12 indicates, we have misgivings 
about this approach. We can add some words of caution to the passage in question, but we have 
no time to modify the calculations, and it  is not clear how they should be modified to reflect the 
reviewer’s doubts. 

Risk Assessment Corporation 
“Setting the standard in environmental health” 
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15. The relative importance of ingestion pathways, as mentioned, is quite unexpected. I would 
like to see some rational esplanation of this; otherwise the credibility of these results is 
likely to suffer. In  addition to the higher ingestion and lower inhalation dose factors, what 
crops are envisioned, and what were the plant/soil CR values assumed? Were the vegetables 
washed? What gut absorption values were assumed in the choice of ingestion dose factors? 
What fraction of the food ingested by the rancher family was produced on the local site? 

The importance of the ingestion pathway surprised LIS, too. But there are several reasons why 
it became more important than inhalation. First, the calibration of plutonium resuspension to 
measured air concentrations resulted in lower air concentrations relative to air concentrations 
estimated using the mass loading factor as was done in the original DOE/EPA/CDPHE analysis. 
Second, it is important to note that soil ingestion accounts for about half the ingestion doses, and 
plant ingestion doses are primarily from foliar deposition and not root uptake (at least for the 
plutonium isotopes). Third, the ICRP 70 ingestion dose conversion factors for the plutonium 
isotopes of interest are substantially higher than the ICRP 30 ingestion dose conversion factors; 
The opposite is true for the inhalation pathway (see Table 1 and 2 below). Therefore, the 
ingestion pathway becomes more important in the RAC analysis. 

Table 1. Comparison of lCRP 30 and 70 Inhalation Dose Conversion Factors used in the 
Calculation of RSALs by DOEKPNCDPHE and RAC 

ICRP-70 ICRP-70 ICRP 70 ICRP-30 ICRP-30 1CW-30 % Differenceb 

S 0.002 
S 0.002 
S 0.002 
S 0.0005 
111 0.0005 
S 0.0000 
S 0.0000 
S 0.0000 
S 0.0000 

Nuclide Sol Class" fl  (inrein/pCi) Sol Class f l  (in rem/pC i) 
0.132 -280% 
0.123 -29 I YO 
0.1 18 -299% 
0.54 - I  116% 
0.444 - 186% 
0.288 -386% 
0.308 -420% 
0.308 -420% 
0.00496 -689% 

S 0.0000 I 0.0555 ' Y  0.0000 I 0.293 -428% 'J'pu 

a. s = slow, ni = medium, f = fast - Dose conversion factors for an adult 
h. (ICRP-70 - ICRP-30)/ICRP-30 

0.03478 
0.03 I45 
0.0296 
0.0444 
0.1554 
0.0592 
0.0592 
0.0592 
0.000629 

Y 
Y 
Y 
W 
W 
Y 
Y 
Y 
Y 

0.05 
0.05 
0.05 
0.0 I 
0.00 1 
0.0000 
0.0000 
0.0000 
0.0000 



Responses to Comments 7 
Task 5 :  Lndependent Calculation ‘ 

Table 2. Comparison of ICRP 30 and 70 Ingestion Dose Conversion Factors used in the 
Calculation of KSALs by DOE/EPA/CDPHE and RAC 

Nuclide ICRP 70“ ICRP 70 ICRP 30 ICRP 30 % Differenceb 
f l  (nirem/pCi) f l  (mrem/pCi) 

234 U 0.002 0.000 I8 13 0.05 0.000283 -56% 
0.002 0.000 1739 0.05 0.000267 . -54% 
0.002 0.000 1665 0.05 0.000269 -62% 

235u 

”’NP 0.0005 0.000407 0.0 1 0.00364 -794% 
” ‘Ani 0.0005 0.00074 0.00 1 0.00444 - 5 00% 
23xpu 
’3‘pu 
ZJOpu 
2Jlpu 
X p u  

a. Dose conversion factors for an adult 
b. (ICRP-70 - ICRP-3O)/ICRP-30 

0.0000 I 0.00085 I 0.0000 1 0.0000496 94% 
0.0000 I 0.000925 0.0000 1 0.00005 18 94% 
0.0000 1 0.000925 0.0000 I 0.00005 18 94% 
0.0000 1 0.0000 1776 o.ooooi 7.66 IO-’ 96% 
0.0000 1 0.000888 0.0000 1 0.0000492 94% 

Tlie scenarios described in Task 3 show that RESRAD limits the definition of crops to two 
categories: leafy vegetables and non-leafy vegetables. The soil-to-plant transfer factors for these 
crops were given a stochastic definition in Task 3, based on information from NCRP Report No. 
129. This information is given i n  Table I in  the Task 3 report. Tlie rancher’s family consumed 
100% of their food from food produced on tlie local site. Although this is another example of a 
reason to combine the Task 3 and Task 5 reports, we will refrain from doing this at this time, 
deferring to the later final report for the project, which will contain a combination of all of the 
Task reports. 

16. I noticed that the soil ingestion rates used were not age-specific. I think there are good data 
available on typical age-specific soil ingestion rates. 

Our report on Input5 and Assiirripfions (Task 3) explained our approach to selecting the 
- parameter -values for soil- ingesticyi. Soil ingestion is difficult to verify arid quantify, and both 

inadvertent and intentional soil consumption is seen worldwide, i n  all cultures-and age groups. - - - 

Many previous soil ingestion studies focused primarily on children, under fairly idealized 
conditions or during more mild seasons of the year. Nevertheless, more recent studies that have 
considered uncertainty in their evaluations have recommended the same median soil ingestion 
values for children and adults, with broader uncertainty ranges €or soil ingestion by children than 
by adults. 

- - _ -  ._  

. ~~ - 

- 

17. On p. 8- 13, it  is noted that soil and plant ingestion were treated as fixed parameters. I would 
think these should, if possible, be treated stochastically. 

We felt it was important to not treat the scenario parameters as stochastic. Environmental 
models and parameters represent something we do not control. Scenarios, on the other hand, are 
under our explicit control as hypotheses that we set, not real people. They provide a means of 
constructing criteria for interpreting tlie predicted radionuclide levels i n  environmental media. 

Risk Assessment Corporation 
“Setting the standard in environmental health” 
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When we perform calculations, the calculations are really about the uncertainty i n  tlie 
environmental media. It seems to us to be generally confusing, if not misleading, to mix 
environniental probabilities with scenario population statistics to niake uncertainty statements 
about exceeding dose limits. 

18. The liniitirig scenarios are based on fire, and this is likely to be a quite temporary effect. 
Should tlie dose l imit  be applied to a single year, even if doses in all other years were likely 
to be much lower? Would it be appropriate to consider some averaging, since dose limits 
basically relate to lifetime probabilities of getting cancer from long-term exposures? 

Tlie criterion presented to us was the maximum annual dose to a scenario subject. The 
question of whether this is the best criterion is not entirely scientific, and there may be other 
options that one might prefer. However, we accepted the maximum annual dose criterion as 
given, just as we have had to accept other initial conditions of the study if we are ever to finish. 
We do plan to present probability calculations, as suggested by this reviewer. In addition, we will 
provide a comparison of a lifetime risk criterion (in which an integration is performed over high 
and low exposures) and the inaximum annual dose criterion. Tlie panel will be encouraged to take 
such considerations into account. 

19. Tlie groundwater analysis based only on Litaor's work (Appendix B) may be i l l  advised. 
There are other data out there to show that reducing conditions are more likely to decrease, 
not increase, the solubility of Pu. If a inore comprehensive analysis is desired, then a much 
larger effort will be needed. 

We did not actually base the groundwater analysis i n  the Task 5 report itself on 
measurements made by Litaor. We present these measurements i n  Appendix B as requested by 
panel rneinbers. I t  is true tliat a comprehensive analysis of the groundwater situation at Rocky 
Flats would require a iiiucli more extensive research effort. 

20. In Appendix D, a Pu K,, of 5350 nil g-' is used, while on p. 3-1, a value of 2000 is assumed. 
Sliould these values he consistent'? 

The iiiasirnum total dose is relatively insensitive to the plutonium K,! value for Kd values 
greater than -1000 niL g-'. Therefore, it makes little difference whether we used a KL/ value of 
2000, 2300, or 5350 mL g-'. Tlie purpose of the Figure 3-1 and Appendix D was to simply 
illustrate decay and ingrowth i n  soil and tlie relationship between total dose and time respectively. 
The figure below (Figure I ) shows the relationship between tlie maximum total dose after the 
year 2000 and the plutonium A:/ value. The graph was generated using 500 RESRAD trials and 
holding all other model parameters constant. Plutonium k;, values were sampled from a 
distribution having a geometric mean of 2300 niL g-' and a geometric standard deviation of 5.6. 
klaximuin doses were achieved before the year 2100 in all cases and doses were driven by soil 
and plant ingestion. Higher soil K,/ values result i n  longer soil residence times. Longer soil 
residence times allow for greater ingrowth of radioactive progeny and lead to higher doses. 
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Figure 1. The maximum all pathway dose for plutonium isotopes as a function of  the plutonium 
K‘/ Vdue. Doses increase with the K‘/ value because higher Kc, values result in lower leaching and 
greater activity retained i n  the surface soil. 

We have also revised Figure D-l i n  Appendix D. Figure D-l shows tlie total dose as a 
function of time for plutonium (lower graph) and uranium (upper graph) isotopes. For both 
graphs, we added more points so as to better deliniate the dose i n  tlie first 100 years. We have 
also added 2 additional curves to each graph showing the effects of tlie K‘/ value on the time of 
iiiasimuni dose. For plutonium, the total dose increases slightly during the first IO0 years, then 

~ =-_: =. - - =  ~ clrops-.gff: espo!ientially over time. The increase i n  dose during the first 100 years is caused by 

depletion of the surface soil by leaching. The leach rate is inversely related to the K‘, value. 
Groundwater doses were negligable during the time frame of interst because transit times in the 
unsaturatcd zone exceeded 2000 years. 

For tlie uraniuni isotopes, groundwater doses are appreciable because Kd values’ are 
substantially lower, but total doses are also coniplicated by contributions from ground exposure 
and ingrowth from radioactive progeny. For higher K,, values, groundwater doses are delayed 
because of longer transit times i n  the unsaturated zone. 

- _  i~ - - ~  - ~~ 

- .  -~ ~ ~ - ingrowth of radioactive progeny, - Ani <fi=d;”37Np; -After-*that;~- dose -decrease,over time: due.  to^ 
~ ~~~~. - 

Risk, Assessment Corporation 
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Figure 2. Ratio of the total dose to the iiiasitiiuiii total dose as a function of 
time from the start of the sitiiulation. 
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Reviewer B 

Overall Comments 

1 .  Overall the content and results of this task are well presented, though tlie several editorial 
glitches occasionally distracted me from the overall flow of tlie logic. Several sections 
present quite complicated information and analyses in  a form that a non-specialist reader, 
with careful attention, will understand. I suggest, however, that consideration be given to 
putting some of the heavily mathematical sections (e.g., parts of Section 5 ,  most if not all of 
Section 6) i n  appendices for review by specialists. 

' 

These Task reports for this project are intended to be technical reports, perhaps not for 
consumption by the general public. We have included the general summary to serve this purpose 
in each of the reports, and the final report for the project will be one that is made up of a general 
summary of tlie entire project, followed by tlie technical reports, included as attachments. Some 
of the sections allow themselves to more readily be adapted to tlie non-specialist readers, but the 
sections that do not lcnd themselves to this adaptation should not be removed from the text of  the 
report. These matliematical sections are the work that tlie entire report is based upon, and it would 
be detrimental to the report for us to remove them. 

2. More iniportant, because the final recomniendatioiis are at such great variance with the 
RSALs recommended by the agencies, I strongly recommend the addition of very clear 
suminaries, both i n  tlie General Summary and the body of tlie report and/or i n  ai! Appendix, 
perhaps with tables or lists, that present direct comparisons between the RAC and a g e k y  
RSALS, and further highlight tlie key reasons .for the differences. See, for example, page 8- 
3 ,  Section 8. I .  I .  I where one such a comparison is made between the agencies' KSALs and 
RAC's RSALs. This information should not be buried in  tlie back and hard to tease out. 

The General Siinimary states in broad terms why RAC expected its RSALs (without 
the lire) to be "soiiiewhat lower" than the agencies' RSALs (for the same agency-chosen 
scenarios, tliougli this is not stated as explicitly as it might be). Table GS-I presentsR1C's 
numerical results for the three ageiicy scenarios, yet there is no specific comparison 

table. My quick review of the background materials provided months ago did not uncover a 
single short table from tlie agencies' analysis that can be cited and immediately compared to 
RAC's recalculation of the three ageiicy scenarios.' However, the raw material is found at 
various places i n  Section 8 of the RAC draft. 1 urge that such a direct tabular comparison be 
developed and incorporated i n  the final report for this task in tlie General Summary. It may 
be that some of tlie details bchind such a comparison will need to be in an Appendix rather 
than the body of tlie report. 

In addition to providing clarity within the report itself as a technical matter, this 
analysis/comparison will be needed by many stakeholders if (perhaps "when" is more. 

- ~ __ i t h  Gliat the @nciC.s '.equ iva lent-.resu Its were=for-the. threes  

I i i  addition, IUC ' s  choicc of the 5- 10Y0 probability level may be another significant reason for 
the difference betweeii original agency RSALs and RAC's re-calculated values. 

I 

~~ 

Risk Assessment Corporation 
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appropriate) the agencies challenge the RAC recommendations, as s e e m  highly likely when 
the report is finalized and released to tlie public. 

It is true, as this reviewer points out, that the reasons for the differences between the RSAL 
values recommended by RAC and the ones recommended by the agencies are numerous. I t  would 
be difficult to provide a direct tabular comparison without being misleading. For instance, as this 
reviewer points out, much of the difference in the RSAL values has to do with selected 
probability levels for the RAC calculations. There is not comparable value froni the 
DOE/EPA/CDPHE calculations. We provide the textual comparisons as a means of clarification, 
but the tabular comparison would promote lifting that table for purposes that might be entirely out 
of line with our goal. The important point to note in reading the report is that there are a number 
of reasons why the DOE/EPA/CDPHE recommended RSAL values do not line up with the ones 
RAC has calculated. The graphical representations of the RAC calculated RSALs are important - 
to reduce those distributions of values to a single number in a table would be counter-productive. 

Detailed Comments 

I .  Page i i i .  Editorial, ?‘Id paragraph, line 8 and elsewhere. The phrase “than a dose limit” is not 
quite right. I suggest “than a specified dose” or some similar re-wording. In the next line, 
“dose limit” should be similarly revised, as sliould the last sentence in the third paragraph on 
this page. A review of all other places this phrase is used is also a good idea. 

We appreciate this editorial comment, and we, too, have struggled with this phrase. We have 
chosen the phrase ”dose limit” to define the 15 and 85 mrem y-’ doses imposed as constraints to 
this project. We refrained from using a phrase such as “specified dose” to make it clear thatRAC 
did not specify the doses to bc used i n  this project. We think that ”dose limit” accurately reflects 
our I i in ita t ions. 

3. Page i i i .  Editorial, 2”” paragraph, last complete sentence. The importance of the fire to the 
final results is so important that i t  should be highlighted i n  some way this early in tlie 
General Summary, even though stress is provided on page iv. 

At this place in  the summary, we are simply identifying pathways for exposure. On page iv, 
we discuss results. 

3 .  Page i i i .  Editorial: jrd paragraph, last sentence. There should be some adjective, such as 
‘imea~ured7’ or ”specified” or ‘-estimated” between “given” and “levels.” 

This change is appropriate, and we thank the reviewer for this  comment. 

4. Page i i i .  Fourth paragraph. I agree with RAC‘s rejection of RESRAD‘s resuspension model 
and replacing it with an approach more closely linked to site data. This is an important 
underpinning for the final calculations and recomniendatiotls. Because of that, it is important 
to elaborate in tlie General Summary on tlie reasoning behind the replacement. (Remember 
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that many important components of  the audience will only read the General Summary or 
press articles based on it, not tlie full report.) 

We will add some test that reflects our reasoning behind not using tlie RESRAD 
resuspension model. 

5 .  Page iv. Editorial, 3‘d paragraph, last sentence. I suggest dropping this sentence. I t  doesn‘t 
really add anything substantial to tlie ma-jor points in the General Summary, and non-expert 
readers may be confused by tlie blunt elimination of tlie role of the water pathway. If this is 
done, then the reference to tlie water pathway being turned off i n  the first sentence of  tlie 
next paragraph should also be eliminated. 

The sentence in tlie general summary is misleading, and we will change it to more accurately 
reflect our intent. It is important to note, however, tliat the water pathway has no impact on the 
RSAL, so we plan to leave some mention of the concept in tlie paragraph. 

6 .  Page iv. Editorial, 4‘h paragraph, 3‘“ line. Tlie i’suni of ratios” concept is introduced with no 
explanation, and 1 do not think it i s  really needed at all in the General Summary. I suggest 
dropping this entire sentence. 

We will reniove tlie reference to sum of ratios, but will introduce tlie concept in lay terms i n  
this summary so as not to mislead the reader. 

7. Page iv, 4‘’’ paragrapti. 4‘’’ line. I suggest adding to ttie end of this seiiteiice, so that it ends 
. .-... radioactive progeny, while tlie DOE/I,l’A/CDPI-IE RSALs were based only on some of 

these isotopes.” 

We will change tlie paragraph to be iiiorc accurate and explicit, but this suggested change 
will not be incorporated. as i t  is not entirely true. One of RESRAD‘s liner points is tlie inclusion 
of radioactive progeny. Tlie DOE/EI’A/CDI’HE calculations are simply done differently, and we 
lpveiiot  made that clear i n  this paragraph. 

8.  

_ - 

_ -  - - - -  -~ - ~ ~- - -~ - - -  - -  - 

Page iv. Editorial, 5‘” paragraph, 7‘” line. The sentence ”A significant difference.. .” should - 
- _ 

be tlie first sentence i n  a new paragraph. 

We will make this change based on this good comment. 

9. Page v, Table GS-I . To reinforce the issue raised i n  my overall comments, if possible there 
sliould be two tables i n  tlie General Sunimnry. Tile first table sliould present a %cad to head” 
comparison of the calculated soi I coiiceiitratioiis (or tlie three agency scenarios versus 
RAC’s calculated levels for tlie same scenarios, specifically using tlie plutonium (no fire) 
arid uranium (no fire) RAC figures iio\v i n  ‘fablc GS- I .  The second table should basically be 
tlie current GS- I . (One lcrrtlier option is to carve out tlie “with lire” options and put  them 
into a third table. l‘liis would furtlicr Iiiglilight tlie important implications of this 
consideration. ) 

- - ... - 

Risk Assessment Corporation 
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We will not include a tabular comparison, as we want to make accurate and appropriate 
comparisons and this is not possible within the context of our stochastic methodology. We will do 
our best to draw meaningful conclusions about the similarities and differences between the two 
methodologies. 

10. Page 1 - 1 ,  3rd paragraph, 2”d line. In reviewing the draft Task 3 report, I do not find that an 
“annual limit” is specified for each of the seven scenarios. Instead, it appears that RAC 
simply adopted the 15 and 85 mrem/year dose limits as appropriate. (In fact, the only 
statement of the dose levels/annual limit in the draft report of Task 3 is in Table I ,  page 3 . )  
The second sentence beginning “Each scenario.. ,” should be revised to accurately reflect 
what the annual limit/dose is for each scenario; perhaps a table would be helphl. 

RAC did not adopt the 15 and 85 mrem y-’ limits as appropriate; these limits were imposed 
upon this project. In the final version of the Task 3 report, we incorporated these limits into the 
scenario table. 

1 I .  Page 1- I .  Editorial, 3rd paragraph, various lines. “Consider” in line 6 should be “considered”; 
and “high” in the same line should be “higher.” 

We thank the reviewer for noticing these errors. 

12. Page 1-1, 3rd paragraph, lines 6-7. Here (and later) the phrase dose limit is used. Again I 
suggest that there be a modifier, such as ”suggested dose limit”. 

Although we do appreciate this suggestion, we still feel that “dose limit” accurately reflects 
the definition of these values. 

13. Page 1-2, 3rd paragraph. I question whether the “4 orders of magnitude ...” phrase needs to be 
in this section. (The first part of the sentence is probably OK to leave in place.) First, given 
the overall shape of RAC’s recommendations, this observation sets the stage for some to say 
that the RAC recommendations, which are driven by the fire scenario, are far too 
conservative (at one extreme, some observers might suggest that the RAC numerical 
recommendations be increased by 4 orders of magnitude). Second, all  discussions of how 
this large uncertainty is dealt with by KAC should be centralized in just one location, Section 
5 (not Section 6), which I believe is the only other place where this range is presented. 

We believe the phrase is accurate and appropriate at this point. 

14. Page 1-3, I ”  full paragraph. This is somewhat more than editorial. I suggest that 
”deliberately” be dropped and some other changes made, so that the phrasing instead be 
”...not surprising that in  more conservative scenarios, such as the resident rancher’s 
child, ...” 

We will make this change as suggested by the reviewer. 
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15. Page 1-3. Editorial, jrd full paragraph. The updating didn’t have (one) “simultaneous” effect; 
it had two effects acting i n  opposite directions. It would have had a simultaneous effect if 
only m e  coefficient had been updated. 

We will cliange tlie sentence to read ”Updating the dose coefficients had the effect of 
simultaneously reducing the . .. and increasing the . . .” 

16. Page 4-1, I ”  paragraph, last sentence. This sentence will be hard for the non-expert to 
understand unt i l  he/she reads tlie rest of this section. The clarity is improved if “accounts 
for” is replaced by “incorporates.” 

The phrase “accoiints for’‘ more accurately describes how the niodel handles the problem of 
nonuniformity. We thank tlie reviewer for this comment, but we choose to leave the phrase as it is 
c ii rre 11 t I y written . 

17. Page 4-2. Editorial, last paragraph. The sentences beginning “A 95% confidence ...” and 
”Note that this ...” provide useful insights to experts, but not to a more generally interested 
audience. I suggest these two sentences be put i n  a footnote. The sentences just before and 
just after these two, coupled with the generally intuitive clarity of Figure 4-1, makes the 
iiiain point. 

We have changed our ainalysis. Instead of using a confidence interval (two-sided), we will be 
using a conlidelice upper hound (one-sided): and this material will be rewritten. However, we 
ciiiiiiot really agree with tlie reviewer tliat a careful statement of the result belongs in a footnote. 

I8 Page 4-3, Figure 4-1 I have several points First, having soiiie historical familiarity with the 
Poet and Martell \voi h and the subsequent debate, I agree with the choices of the data chosen 
for use 111 tlie regression, arid also tlie choice of data to be omitted. Second, the dashed line 
(the ”separate analysis”) clutters tip the figure Can tlie same confirmation be presented in 

r way, perliapr i n  tlie text? Third. why doesn‘t tlic shaded triangle extend out to 
capture the Webb- i996 data poiiit? Finally, i n  the legend, does the last sentence imply that - -  - 

there is ii 15% probability tliat tlie rate might be zero or even positive, that is, that plutonium 
111 iglit Iiavc been r r ~ ~ i i n i i r l ~ f r n g  i i i  tlie top 3 centimeters‘? I suggest you drop this last sentence 
a I together. 

- 

- 

We do not agree that tlic dashed segment should be deleted from the figure, but  the triangle 
nil1 be taken out becactse of tlie diffcrciit type of analysis that has been done (confidence bound 
rather thaii confidence interval for the rate coefficient). Tlie last sentence of the caption will need 
to be rewritten (or removed) for the same reason. 1’0 answer the reviewer’s question: the 
possibility of plutoiiium being added (positive rate coefficient) is a defect of the standard model 
for a log-linear regression. A more satisfactory model would incorporate the constraint of a 
negative (or a1 least lionpositive) rate. but such a model would be noli-standard and more difficult 
to calibrate 
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19. Page 4-5, 3rd paragraph. last sentence. This sentence is not clear, and also not helpful. What 
types of remediation decisions would require a "revisiting" of this question? In fact, what 
exactly is the "question"? Is it whether taking into account the  age of the samples would 
make a difference? If you are right that insufficient data exist to justify creating a model, 
what good would revisiting be? I suggest dropping the last sentence altogether. 

A more extensive analysis than we have had the opportunity to do could lead to a different 
decision about liow tlie data should be adjusted. Our wording about tlie existence of profile data 
was not an assertion but an expression of uncertainty. However, we have no objection to dropping 
tlie last sentence. 

20. Page 4-6, Figure 4-2 and page 4-9, Figure 4-4. Editorial. Unless you are very familiar with 
the site, it is hard to find the 903 pad. Perhaps a star or some other identifying mark should 
be used. 

The 903 Area is identified with a diamond shape that is placed over all the other layers of 
details on the graphic. This open diamond seemed to give a clear contrast to tlie other symbols 
overlapping within tlie graphic. I t  still seems like tlie best suited for the purposes of locating the 
903 Area. We will investigate the effect of making it larger. 

21. Page 4-8. Editorial, 2"" paragraph, nest to last line. The last word in this line should be 
"eserc ise." 

~- I hanks to the reviewer for noticiiig this error. 

21. Page 4- 10. Editorial, 3''' paragraph, last acron\:ni/word. I th ink you have generally used 
either WETS or Rocky Flats, rather tlian RFP. i n  the rest of tlie report. 

We will change this reference to Rocky Flats, and will search tlie document for other uses of 
RFP. 

23. Page 4-10. 4"' paragraph. I think there is at least one mistake in this paragraph. Most likely, 
tlie "with" and "\\,ithout" the fire figures were reversed in the text. According to your overall 
reasoning (which I agree with). the plutoniuni air concentration would behigher with the tire 
(0. I5  pCi per cuhic meter) than without the fire (7.6 s IO-J pCi per cubic meter). The current 
wording lias either tlie numbers or the words reversed. In addition, while I agree with the 
scaling approach, I could not find the spec$c source of either the 0.15 or 7.6 x pCi per 
cubic meter figures NS such elsewhere i n  this report or in tlie Task 3 report. These two 
numbers are at the core of tlie reasoning leading to the RAC recommendations, so they need 
to be fully and clearly documented here and probably also in Section 5, presented i n  these 
exact units as well as Bq per cubic meter (see. for example, Table 5-4 on page 5-17). YOU 
need to make this part of your reasoning crystal clear to any reader. 

The reviewer is correct to notice that tlie words "with" and "without" were transposed i n  the 
test. We will make this ad-justment. -rile air concentrations for Pu were calculated with the 
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methods of Section 5, using the program that integrates the point-source Gaussian plume over the 
areal soil concentration. The factor of ~ 2 0 0  can also be deduced from Figure 5-6 as the ratio of 
the fire and grass cover resuspension fluxes. We will add an explanation at this location in the 
report to explain the source of these numbers. 

24. Page 4- 1 I .  Editorial, end of first line. “Te” should be “The”. . 

Thanks to the reviewer for noticing this error. 

25. Page 5- 1 .  Editorial, 2”d paragraph, last sentence. As previously noted, the use of the new 
coefficients didn’t have (one) “simultaneous” effect; it had two effects acting in opposite 
d i rec t ions. 

This is not the same sentence as the one previously noted. This one is correct as written. 

26. Page 5- 1. Editorial, 3‘d paragraph, 1 Oth line. I suggest replacing “crude” with “simple”, and 
dropping the “simple” before %ox model”. 

We believe “crude” is more descriptive of the earlier RESRAD model than “simple.” As to 
the box model, it consists of a single box. Accordingly, some adjective such as “simple” is 
appropriate. 

27. Page 5- 1 .  Editorial, 4”’ paragraph, 4‘“ line. To clearly distinguish the RESRAD resuspension 
model from the RAC model, I recommend this line end as follows: “...radioactivity. The 
RAC model.. . ” 

This is another good suggestion which we will take. 

28. Page 5-5 .  Editorial, first paragraph under 5.2.2, last line. “Longer-temp temporal” should be 
”Longer-term temporal”. 

.. . . - 

Thanks to the reviewer foi- noticing this error. - ~ 

29. Page 7-2, Figure 7-1. I want to identify a problem that may not have a good solution. I 
understand the reason for the figure. However, many people (including this reviewer) have 
difficulty thinking in probabilistic ways. First, at the least, the x-axis should be labeled 
Rc:dionuclide Soil Action Level, to be in accord with the RSAL acronym in the legend. 
Second, the text does not adequately explain the conclusion in the legend. Third, none of the 
later distributions are exactly like this one, even though some have the same overall shape. 
The reason: Figure 7- 1 has its y-axis starting at 0.01 and being logarithmic. All of the other 
later figures in Section 8 have the y-axis starting at 0.00 and being linear. This will be 
confusing to all but the cognoscenti. I suggest that you add another explanatory section 
before the specific scenarios, presenting i n  a generic sense the two different shapes that will 
be found in  the later scenarios, and distinguishing these from Figure 7-1. An alternate is to 
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completely eliminate Figure 7.1 altogether, and simply make the same points in another way 
(with a table or i n  words). 

We will make this graphic more consistent with its counterparts, linear in  scale, and more 
comparable in a generic way to the graphics which appear later in the text. We do, however, 
intend to leave a graphic of this variety in the text. Although the  reviewer feels that this 
representation is misleading to the public, we have found explanatory graphics like this one to be 
invaluable i n  describing our  intent to broad audiences of people. 

30. Page 7-5. Not just editorial. Section 7.2.4, last line, first word. “Decision” should be 
“Recommendation”. 

Good comment. We will incorporate this change. 

3 1. Page 8-3, Section 8.1 . l .  1 .  See Overall Comment earlier regarding the comparison of the 
agencies’ RSALs to RAC’s RSALs for identical scenarios. 

Again, we do not plan to include such a table. 

32. Page 8-3, Table 8- I and all subsequent tables on the agencies’ scenarios in Section 8. All the 
tables should clearly note that these are RAC’s recalculations of the fraction of dose, not the 
agencies’ calculations. 

Not only are they RAC‘s recalculations of the fractions of the dose from each pathway, they 
are RAC’s recalculation of the dose and soil’action level altogether. This is clarified by a sentence 
early i n  the text stating, ”The RSALs presented here represent this same scenario calculated 
stoacliastically using the methodology developed by RAC.” We will add some text to the table 
title like “as calculated by RAG“’ to make this entirely clear. 

3 3 .  Page 10-1. Editorial, IS‘ paragraph, 5“’ line. This should read “...probability of not 
exceeding.. .”. 

Thanks to the reviewer for noticing this error. 

34. Page 10-2. Editorial, Is‘  fu l l  paragraph, 4‘” line. This should read “...and other radionuclides 
at the Fernald site.. .” 

Thanks to the reviewer for noticing this error. 

35. Page B-2. Editorial, Is‘ paragraph, line. This should read “...data measured by Litaor ...” 

Thanks to the reviewer for noticing this error 
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Reviewer C 

Review Summary 

The content of the above named report is focused on presenting RAC‘s analysis of seven 
exposure scenarios, though, there is considerable other material also included. 

This report was organized in a reasonable way. Sufficient detail was presented for some 
parameters, while little detail was presented for others. For example, there are no references 
provided for most of the parameters in Table 5- 1. Possibly, that detail is in previous reports 
or it means that RAC has developed or chosen values from their own analyses. However, it 
is difficult for me to try and check the validity of such values without searching through 
previous documents-a task that is beyond the time I have available. I suggest RAC develop 
tables which are more suitable to “stand-alone”. 

We will see what the table is lacking and complete it for the final report. 

As usual, RAC’s analysis is lengthy and generally comprehensive in terms of the range of 
topics to be treated. Much of the inaterial represents good work and certainly a significant 
expenditure of time and effort. At the same time, as a reviewer I am not satisfied with all 
that I read. At first read-through, this report seems comprehensive and adequate. Upon 
greater reflection, I have noted several problems, one which I believe is wry  scrioiis, 
however, RAC may reply that they were only responding to tlie scope of \vork as it w a s  
written. A brief explanation follows with more detailed coniments in order as they appear in 
the text. 

Primary Concern 

RAC has recommended a radionuclide soil action level (RSAL) based on wliat the) believe 
to be the most restrictive scenario (i.e., the scenario that with the smallest soil concentration, 

redicts that the dose limit will not be exceeded with 95% confidence). The dose l i m i t  the) 
use is 15 m;m/yr. However, there- is a single major fault i n  the reasoning. 
choose the RSAL that they did. 

- _  - 

_ - .  - . -  

The limit that should guide the selection of an RSAL should be a lifetime rish of I O - ’ ,  
without concern for reasonably small variations of annual dose from I5 nireidyr. I realize 
that this is primarily an issue that the state of Colorado should address, however, i t  is of 
paramount importance. Because RAC has adhered to the annual dose l imit  for any single 
year, they are compelled to recommend an RSAL which prevents the dose l imi t  from being 
exceeded even during a relatively short period of time (one or two growing seasons). The 
cost of that decision is exorbitant, however. Because the land that could potentially be bared 
of vegetation by a prairie fire can recover its ground cover within a year or two, tlie cost of 
remediating down to a soil concentration so that those one or two years comply wit11 tlie I5 
mrem/yr standard is senseless, as well as contributes to squanderiilg public resources. 
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RAC recommends an RSAL that is smaller than any similar recommendation that I ani 
familiar with anywhere in the world, and will (if accepted) obligate tax-payer's dollars to 
remediate the land to a significantly lower level than is required to meet the lifetime risk 
limits of EPA-which are some of the most protective limits in the world. 

Even if Colorado and DOE were to ignore the important concept of lifetime risk but  still 
require an annual exposure limit of 15 mrem, RAC has failed to make clear that exceeding 
the 15 mrem year limit due to ground cover destruction by fire might only occur during part 
of a one or two years time (the rest of the year may have snowcover, and/or other moisture, 
and low-lying ground cover will revegitate after a single growing season, or two years at 
most). Furthermore, during the year when ground cover has been diminished (due to the 
fire), actions could be implemented such as spray irrigation (to niinimize resuspension) 
during windy seasons. 

Moreover, RAC has not assigned a probability or likelihood of a prairie fire taking place, 
and to the amount of land that would likely be barren afterwards. Thus, they chose to 
minimize the RSAL (and to maximize the attendant costs of remediation) by setting the 
probability of a fire to be 100%. This is equally not acceptable and no credible analyst i n  the 
field of uncertainty would consider doing such a thing. 

Rhetoric aside, these are mostly important points. In  the final draft, our calculations will be 
extended to consider lifetime risk as a limiting criterion, enabling u s  tocalculate RSALs that 
correspond to the EPA range to IO-'. The resulting RSALs will be compared with the ones 
developed from the 15 nirem annual limit. The fire calculation i n  the draft report (given the data) 
represents the worst case. As we have indicated i n  responses to another reviewer, we have 
subsequently formulated an approach that takes the annual probability of a fire into account and 
considers the possibility of a fire that occurs in some year (not necessarily tlie first year 
considered) and the possibility of  no fire, using appropriate probability estiinatcs for each case. 
When a fire occurs, random burn area (based on regional statistics) will be simulated. together 
with other mitigating factors (e.g., distance of burn area from occupants, regrowth time for 
ground cover). This reviewer has continued to question the 1000-year temporal scope of the 
assessment, but we feel obligated to retain this. 

For the hvo reasons noted above, I find tlie analysis invalid and believe that it contributes to 

a waste o f  tax-dollars without significantly contributing to public protection. I strongly 
recommend that RAC redo their analysis and their recommendations as well as notify the 
public and the press of the problems that I discussed above. 

The final report will constitute due notification of  the final results. 

Other comments follow, but none are important as that noted above. 
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Detailed Comments 

I .  p. 1 - 1 .  3rd paragraph: Change as follows. “A concentration i n  soil higher than the level 
predicted as the soil action level for each r a d i o n u c l i d e W  could lead to a dose that would 
exceed the dose liniit for the scenario ....” Without the change, RAC fails to acknowledge 
uncertainty . 

We might quibble that the definition is deterministic, and that for any Monte Carlo 
realization the RSAL is a single number defined by the scenario specification and the criterion (in 
this case, the maximum annual dose). However, we have no problem with either choice of words. 

2. p. 1-2. RAC states: “The possibility of catastrophic natural events cannot realistically be 
ignored.” However, KAC purposefully ignores the probability of such events. They set the 
likelihood of a prairie fire to be 100%. 

The objection to the handling of the fire has already been answered in the general comments. 

3. p. 2-2. I want to make a comment that will probably not be well received, yet I think it is 
worthwhile to mention. RAC frequently cites their own task reports by the primary author’s 
name, e.g., “Weber 1999”, etc. which appears in the text the same way as published, peer- 
reviewed literature. Three sucli references appear on p. 2-2. Upon looking up the reference in  
their Reference List, I find that these are simply previous RAC task reports and not 
published literature. Though there is nothing technically wrong that I can point to, I think it 
is misleading and I find it to be irritating. 

Because this work has been building on itself since the beginning, we have found it 
necessary to cite our own reports throughout the duration of the project. The bibliography 
characterizes the reports accurately, and copies presumably could be obtained. One wonders why 
the reviewer considers ’-worthwhile” a comment that offers no alternative recommendation. 

- - _  - _  - -  ~ previous RAC report, the authors of this report decide that some of the 
Krey and his colleagues is-inconsistent and they will not use it i n  their 

analysis. Do I need to remind the RSALOP that k e y  and colleagues made long careers of 
environmental nionitoring and RAC has little, if any, experience in field sampling, 
laboratory measurements and in  interpretation of measurements (other than data they 
obtained from others publications). Was Krey consulted on this matter? If not, can RAC 
justify their decision, other than to say, “Data from some of the locations sampled were 
omitted from the regression because of the apparently inconsistent interpretations.” Nothing 
i n  this paragraph convinces me of RAC’s arguments. Their decision to omit data seems 
strictly for convenience. 

- 

To provide additional support for our choice of data used in the regression, we have 
identified the numbcr of sampling sites that define each point on the graph (see Figure 3). Note 
tha t  the number of’ sites sainpled by Webb and Little far outnumber the number of sites 
represented by Krey and others. I-lad the data from each individual site been readily available, it 
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would have been worthwhile to plot the entire data set and perform the regression using the data 
from individual sites. We believe we would find a similar relationship had we had done this. 

Results from these studies are perplexing. There appears to be a clear evidence of a decrease 
in the 0-3-cm plutoniuni inventory between 1972 and 1989 based on the work of Little (1974), 
Webb (1992), and one sampling site in Krey et al. (1977). However, two of the other sites 
measured by Krey et al. (1977) show substantially less plutonium i n  the surface (0-5 cni) than 
was observed by Webb and Little. Little (1976) measured depth profiles at IO sites and Webb 
(1992) resampled these same sites i n  1989, while Krey’s later measurements were from only 
three sites. 

Numerous processes can influence plutonium migration in the subsurface, and these 
processes are both temporally and spatially variable. These processes include soil erosion (Webb 
1993); colloidal movement (Bates et al. 1992); biotic perturbation (Litaor et al. 1994; Winsor and 
Whicker 1982); and soil cracking (Higley 1994). In summary, these processes are not well 
understood and are currently an area of research at the RFETS. Recent work by Litaor has 
suggested that under saturated soil conditions, plutonium can migrate very rapidly. This work is 
currently unpublished; however, it suggests that certain discrete events (such as heavy rainfall) 
may have moved plutonium into the subsurface i n  a relatively short time. Most of the time, 
plutonium has migrated very little. 

We do not doubt the accuracy of the work Krey perforniccl i n  the ~ O ’ S ,  and we th ink  i t  is 
likely that depth distributions will vary among locations. KreJ.’s data certainly suggest large 
variability both spatially and temporally. The regression equation is simply a n  empirical means to 
summarize the gross behavior of plutonium in the soil. 
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Krey et al 1977 Site B [4 cm] (1975) Webb 1996 (1994) 
[average of 96 sites] 

Assumed for 1969 

2 

- 
Poet and Martell 1972 (1970) [average of 3 sites] n 0 Data included in regression 

0 Data excluded from rearession 

0 
Krey st al. 1977 Site 7 [4 cm] (1 975) 

Q Fitted Equation 

m 1 f = 0 452278 e-O 18251 + (1 - 0 452278) i00025517t 
1 

r2 = 0.972 

,, Krey and Hardy 1970 Site 6 [5 cm] (1 969-70)) 
Little 1976 (1974) [average of 10 sites] 

Krey et al 1977 Site A (1975) 

2 
S .- 
2 
0 c1 
r 

5 .  I now raise the same question I raised in an earlier review regarding Fig. 4-4. Along a west- 
east line at coordinate Northing of441.0, there is a line of measurements that are all gray 
circles (10-100 Bq kg-’): yet they fall well outside the 2 Bq kg-’ contour. Where is the 
discussion explaining these measurements atld ~. the greement of the contours with the 
measurement data? What is the implication that the data is greater than the- model = 

predictions? 

-~ - 

From the second paragraph on page 4-8: “The points shown outside the 2 Bq kg-l contour 
indicate some observations that exceed background in the 2-10 and 10-100 Bq kg-’ ranges.” 
Continued discussion regarding this figure is also found in the caption. We state quite clearly that 
there were sample locations above background where the model would predict background, and 
that our model does not accurately predict concentrations at individual locations, but is intended 
for integrating resuspension fluxes over large areas. The historical dose reconstruction prcdicted 
releases from the 1957 fire to have progressed i n  a southerly direction from the plant, and this 
niay well have introduced perturbations which a model based on long-term wind-driven releases 
from the 903 Area would not predict. In  any case, one cannot assume that these contours (or any 
set of contours based on plutonium concentrations in soil at Rocky Flats) provide exact partitions 
according to magnitude. Elevated off-site readings near the junction of Indiana Street and 
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Highway 72 have been noted by Litaor et al. (1995), who did not speculate about the source. 
(Ref. M.I. Litaor, D. Ellerbock, L. Allen. and E. Dovala, Tomprehensive appraisal of 2 3 9 + 2 4 0 P ~ ~  i n  
soils around Rocky Flats, Colorado," Nerrlfh Phvs. 69(6). 1995.) 

6 .  Eq. 4-5 should be reforniatted. It \vould be fine i f  each variable were only a single letter, but 
since that is not the case, you cannot tell that "ML" is a single variable. I t  should be written 
as follows (or some other equal way): 

C, = ML x C,. 

We will introduce a multiplication symbol to clarify the equation 

7. p. 4-10. describes tlie change i n  mass loading factor for lack of vegetation. Upon first 
reading, I noted this page as inadequate i n  describing how the adjustment was done. I later 
found what I think to be the explanation on p. 5-3. 

In general, the level of detail about models that is presented i n  chapter 5 is confusing. For 
example, what of sections 5.2.1 to 5.2.3 is relevant? I couldn't tell. I t  seems that your 
esplanation of how you derived your inass loading is on p. 5-3 and 5- 15. 

The docunient at this point appears to be a combination of inaterial submitted by different 
iiidividuals because of the mucli diffcrerir levels of technical material presented. I am not 
criticizing the prescntation of teclinical inaterial, but I was unable to determine that part that 
\vas Scr-inane. Some of what was preseiited surely was not nccessarj. for the development of 
the parainetcr values. 

Sectioii 4.7 is about uraiiiuiii, and Section 5 is about plutonium. Different approaches were 
used. The acljustment of the uraniiiiii inass loading factor for the fire scenario is based on the 
factor of 300 that was estimated lor soil resuspension fluxes estimated from plutonium data. This 
should eitlier have it forward reference to Section 5.3 or section 4.7- should be moved to the end of 
Sectioii 5 and renuinbered accordingl!,. All of the inaterial i n  Sections 5.2.1 to 5.2.3 is quite 
technical, but i t  is important for providing a complete picture of the steps taken to calibrate the 
model using site-specific data. All of it feeds into both the regression for grass cover and the 
estimation of plutonium air conceiitratioii at any location given a soil f l u s .  

8. l'able 5-  I .  The origin of most of tlie numerical values is not given here. 

The soil density specified is I .3 g/cm', generally a reasonable value. However, according to 
Webb's analysis (eq. 4-4) which is quoted in this report, that soil density would occurat a 
depth of S cni. Can RAC explain this'? 

This value of the bulk density was used generically and only for converting resuspension 
thcrors (11i-l) to resuspsnsioii tluxes (ing ni-' s- ') relative to the top I -inn1 layer of soil after a fire. 
I t  may be better to use a value consistent with Webb's profile, and we will consider making this 
change or at least pointing out the inconsistency. 
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0 
9. Tlie scale on Fig. 5-1 needs to be made more readable. Its written i n  a rather unconventional 

fashion. 

Tlie scale is an eccentricity of a statistical computation system. We will recreate this figure 
with more conventional numerals for the final report. . 

10. p. 5-15. For what reason did you associate tlie (logarithmic) mid-point of tlie range (3.3E-5 
to 0.33 m g  rn- ls- ' )  with bare soil? Would not bare soil lead to the highest resuspension? 

We associated most of this range generically with bare soil. Tlie range was suggested by the 
tabulation of Sehmel (1984) and includes (but is not restricted to) data taken on and above bare 
soil. The range is interpreted as a 90% uncertainty interval, defining a lognomial distribution. 
Estimation of this parameter could benefit greatly by flux data specific to a recently-burned Front 
Range site. 

1 1 .  Table 5-4. Are the soil concentrations for the site workers (I 7 Bq/kg) and rancher (8900 
Bq/kg) correct? If so, it needs some explanation. 

The site worker was located 0.6 kin NNW from tlic center of the 903 pad. The rancher's 
primary location is 0.3 km E from the center of the 903 pad. Tlie model that gencrated tlie 
contours in  Figure 4-4 estimated these values for these locations. 

12. I found Fig. 7-1 either to bc labeled wrong. or yoti have failed to convey \ \ha t  jot1 are 
talking about. The x-axis should read "so11 concentration." If so, the RSAI, I >  the valuc o f  
the soil concentration (x-axis) chosen at \vliatcver probabilitj level (y-axis) that is decined 
acceptable. 

We will redo this graphic and correct the label. 

13. p. 7-2. RAC acknowledges that a prairie wlldlirc IS a low-frequcncj event (tnipl) ing low 
I -- - -  - _probabili_ty), but they intentionally chose iiot to estiiiiate tlie likelihood 

I 
- 

I - - _  - -  - - - _  - ._ 

As noted i n  previous responses, the probabilistic event5 will bc simulated. ~ 

14. p. 7-3. in paragraph 7.1.5, RAC reproduces tlie sainc confusion I found on 1:ig. 7- I .  I t  should 
rcad: "...you must select a probability Icvel that wwqs-+d qy~x+.-eMi&+ gives 
sufficient assurance that tlie selected I W  soil coilcentration \\ i l l  not result i n  doses greater 
than the prescribed limit." 

I cannot understand why RAC confuses KSAI, wit11 soil concentration. Tile RSAI, is a soil 
concentration value that is chosen because i t  has tlic requircd level of con tidence associated 
with it to ensure that tlie dose limit is not exceeded. The chosen value o f  soil concentration 
IS the RSAL, not tlie other way around. 

We will change this language, wliicli is indecd incorrect. 
~ 
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15. p. 7-3, paragraph, 7.1.6. The target dose limit (15 mrem/yr) is discussed. This is annual dose 
such that the lifetime risk will not be exceeded. Therefore, the scenarios should be lifetime 
representative. The prairie fire does not meet that criteria. I t  is a short-term perturbation 
only. 

Once again, the prairie fire will be dealt with, and a lifetime risk criterion will be 
demon st rated that is I i fe t i ni e representative . 

16. p. 7-4. paragraph 7.2.3. The statement that ”This dose limit E15 mrem/yr] issornervhaf less 
than the dose constraint of 100 mem/yr ...” understates the difference which is 6.7-fold. 

Perhaps we understate the difference, although it is not intentional, since we obviously show 
the numbers to which we refer. We will take out the word “somewhat.” 

17. RAC further discusses the lifetime risk concept but fails to use this concept in determining 
their recommended RSAL. 

As stated in a previous response, we will incorporate the concept of lifetime risk into the 
final report for this task. 

18. I n  several of the scenarios, the ‘Conclusions” sections states: “...While the pathways of 
concern are different, the RSALs reported in DOE/EPA/CDPHE are included in the 
distributions presented here.” What does this mean (that is, what does “included in ...” 
mean)? 

The point we intended to make was that the DOE/EPA/CDPHE values for the RSALs fall 
between the lipper and lower limits of the. RSAL distribution calculated by RAC. The language 
will be reconsidered. 

19. Section 9. The main shortcoming of this section is the emphasis on any single year not 
exceeding I5 mrem/yr. A fire could result in exceeding the dose for only a couple of 
growing seasons at most. Thus, other years would not exceed the annual limit, and the 
lifetime dose and lifetime risk would not exceed their respective limits. 

As noted i n  previous responses, the probabilistic events will be examined, and a more 
accurate lifetime exposure will be considered for comparison. 

20. Section I O .  The expository text is this section, as in others places in the report that I have 
noted, fails to accurately convey the important concept as a result of poorly written or 
confusing wording. The 2nd and 3rd sentences should be reworded as follows: 

“These results are presented as distributions of px&k+&w soil concentrations for each 
of seven exposure scenarios. Each soil concentration value has an associated probability of 
exceeding the annual dose limit. && 

. .  . .  
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21 

mwd&s. The scenarios are used to derive our 
recommendation of a soil concentration level to be established as the RSAL. 

I found here (as in paragraph 7.1.5). that RAC confuses the RSALs with tlie range (or 
distribution) of soil concentrations from which a RSAL is chosen. 

We will fix this language. 

Appendix C. I previously commented that RAC should discuss global background 
concentrations of plutonium. I believe tlie subject could have been adequately treated in no 
more than half of the length of material provided i n  tlie appendix. I n  particular, tlie table of 
values from Holleman (Annex to tlie appendis) seem unnecessary and adds clutter to the 
report. 

. .  

We included this information as an appendix in order not to add any unnecessary 
information to tlie body of tlie report. As tlie appendix is a reprint from earlier work, we intend to 
leave it intact. 

22. Appendix D. ‘The appendix which addresses the effect of “time” on the RSAL missed tlie 
most important timc-dependent concept, that being that the ground area denuded of 
vegetation by a fire would revegetate quickl). Thus, the effect of time (afer the fire) would 
be to reinstate tlie lo\\er resuspeii>ioii values that were applicable before tlic fire. 

The statement tlie reviewer tilahe5 1s true I-lowever, the figures i n  Appendix D (which have 
been revised) apply to the no-fire situatioii. tlierefore revegetation IS irrelevant The scenario used 
to develop these graphs should have been stated i n  tlie text and figure caption. One other point 
needs to be made concerning revegetation aftel tlie fire We are calculating annual doses, not 
time-integrated doses over tlic e\pnsure period. Therefore, i t  is irrelevant whether tlie dose drops 
off after tlie fire because the standard \ \e arc coniparing to is the annual dose during the time 
frame of conipliance (1000 years) does not exceed tlic specified standard (I 5 mrem). If one 
assumes that i t  takes a year - to revegetate the land. the annual dose will be bounded by the doses 
received during tlie year the tire occurred 

As we noted in a previous response, we will make a coniparison between the maximum 
annual dose criterion and tlic nia\imuiri Itfettine risk criterion. The latter calculation will take into 
account tlie effect of revegetation 

- 

- - - - _  
- _  _ _  - I - 

- 

23. Appendix E. This appendix pro\,itlcs support to the arguments I have provided that the 
annual dose limit of I 5 rnreni/jr corresponds to a lifetime risk of I O - ~ - I O - . ’ .  Why RAC has 
chosen to present this anali\,sis, but then to ignore tlie concept of lifetime risk i n  the 
development of  tlie RSAL, is iiiconipreliensible to me. 

Wc plan to include calculatioirs that consider the concept of lifetime risk, and compare this 
calculatioii \\.it11 the calculatic~n> of‘ IISAI, values tor tlic I5  mreiii dose criterion. 
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Reviewer D 

General Comments 

On the positive side, I th ink the way that the results generated by RAC are presented (Le., 
the figures in Section 8 of this report) is concise and useful for establishing and debating the 
RSALs for RFETS. However, I find that the report, while long on the details of the 
methodology for estimating the concentrations of the radionuclides in air, lacks a 
comprehensive overview and provides an incomplete and unorganized description of the 
methodology used to generate the figures in Section 8 and the RSAL recommendations. The 
report (along with the companion Task 3 Inputs and Assumptions report) should live up to 
the standard of a scientific paper where it is required that the methodology be described in 
sufficient detail to allow a reader to reproduce the results (albeit with a great degree of 
effort). I do not believe that this draft report lives up to this standard. In addition, there are 
redundancies between the Task 3 and Task 5 reports that are unnecessary and contribute to 
the perception that the report is unorganized. I would like to see effort put into re-writing 
and re-organizing this report to eliminate these problems. I think it  is very important for this 
report to be well organized and comprehensible to establish the credibility of the results and 
recommendations. I have some suggestions. 

I .  In the introduction (or a new methodology overview section), RAC should provide an 
overview flowchart figure of the method used for generating the results used in the figures in 
Section 8.  I think this is absolutely essential. Their Figure 6-1 is too late, too little, and too 
difficult to follow to serve this purpose. Their report should be organized around such an 
overview flowchart. (i.e., the report should flesh out the details of the 
calculations/methodologies summarized in the flowchart boxes.) I n  other words, the 
flowchart should serve as the roadtnap for the methodology as well as the written report. 
From the results generated and my understanding of similar analyses, below is a first cut on 
what I think the flowchart should look like for the Pu analysis. Obviously, if the Ur  analysis 
was significantly different, it would need its own flowchart. If not, the flowchart should be 
generic enough to describe both analyses. 

I present the flowchart below in  pseudocode style, but it should be easy to see how it could 
be converted to flowchart form. Obviously, it could be streamlined a great deal with 
judicious footnoting and supplementary text. I present this as an example of the level of 
detail that I think is necessary. (It may not accurately reflect RAC's analysis, but that is tlic 
point-- the report should, but does not, have sufficient details to give the reader an accurate 
picture of the methodology used.) 

1) 

2) 

i = l  where i the index for the initial Pu-239 +Pu-240 concentration in soil, [Pu] 

Specify [Puli (as a point value). 
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3 )  Get isotopic/nuclide ratios i n  soil relative to [Pu]; (See Section 1 and Task 3 Table 2 ) 
for all n where 11 is the isotope/nuclide index (n=Ani-241, Np-237, Pu-238, Pu-239, Pu- 
240, Pu-242) 

4) Calculate initial concentrations in  soil for all n ([An1-42 I] ; ,  [Np-237];, ...) 

5 )  j= I where j is the monte carlo realization index 

6) Generate random parameters for realization j (here or somewhere RAC should list all 
locations i n  report where distribution assignments for stochastic parameters are 
documented e.g., Task 3: Table 4 and Table 9) 

7) R u n  RAC air concentration model to get (MLxAF), (See Sections 4 and 5) 

8) Write ResRad input file for j (See Task 3 Table 4, Table 11 and ?? . Note: here or 
somewhere RAC should include a comprehensive list of Tables that provide ResRad 
input parameter assignments used i n  the independent calculation.) 

9) Run ResRad as modified by RAC (See Section 6) 

I O )  For realization -1, calculate/store: 
a) dose fractions by pathway (p) and nuclide (11) for all pathways and nuclides where 

p is the pathway index (p= e.g., ground, inhalation, radon, plant, meat, milk, and 
soil). 
SR,, the sun1 of ratios where : 

where (RSAL-Pu)i is the ResRad output M A L  for Pu for iteration j 

b) 
SRj = [PtIJ;/(RSAI,-l’u), + [A111-24 I];/(RSAL-AM-24l)j f”’ 

I 1 )  Done with nionte carlo iterations‘? I f  (j<N,) then j=j+l and go to (6) for next realization 
else go to ( 17) 

- - _  - - -  Calculate/store for current [Pu 1,. 
a, 

b) 

SRFrac,, the probability of exceeding the dose l imit  given[Pu], determined from 
the fraction of SR, greater than one, for all N, iterations, and 
average dosc fractioiis by pathway and nuclide, averaged over N, iterations 

- - _  - .  - -  - _  

13) Done with array of [Pu] values? I f  (i<N,), i=i+l and go to (2) for next [Pu], else go to 
(14) 

14) Plot [Pii), versus SrFrac, for all i (e.g., Figure 8-1 to Figure 8-10) 

Some of us linvc used pseudocode algorithniic summaries in  published papers, but we dislike 
flowcharts. We will consider introducing a pseudocode summary, but we have some misgivings. 
We are confident that  many readers would find such a display distracting and skip over it. I n  full 
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dress, it would be rather long (probably longer than tlie reviewer’s cut at it) and uninviting. The 
PERL scripts are i n  an appendix and are extensively documented with comments. 

We do not intend to do a great deal of reorganizing ofthe report. Other reviewers have found 
the general organization adequate. 

2. The current Sections 3 and 4 have a lot of redundancies with the Task 3 report. These 
sections of this report and the Task 3 report should be carefully reviewed to eliminate these 
redundancies. If additional details on the isotopic ratios and the spatial distributions are 
required, there should be a clear statement on how these Sections relate to and/or build on 
the details in the Task 3 report. 

We generally tried to eliminate redundancies with the Task 3 report. There were some 
details, however, that we thought it might be helpful for thereader to see i n  the context of this 
report. The isotopic ratios and the spatial distributions are good examples of these, because these 
two inputs to the code have a direct bearing on the material presented in  the Task 5 report. We 
appreciate the reviewer’s opinion, but we still feel this inforniation is valuable at the point i n  the 
Task 5 report that it is presented. 

3. I suggest that the report bc reorganized as shown below. As is, the section that dcscribes the 
use of ResRad is too late. Since the remaindcr of the report is driven by the input needs of 
ResRad and its deficiencies for this analysis. tlie ResRad section should come tirst after the 
intro and background material. I n  addition, the ResRad sectioii should be substantially re- 
written to: 

include an overview of KesKad inputs and outputs (a surrlrnary figure rvotrld be nice) 
establish and detail the need for the developnient of isotopic ratios and ail external mass 
loading model (i.e., establish the purpose of Sections 3 through 5 ) .  

In addition, currently the details of tlie Uraniiirii aiialysis are scattered in tlie document. The 
suggested reorganization improves tlie consistency of the presentation of Pu and U r  
analyses. Some heading edits are also suggested. 

Suggested o ti t I ine revisions: 
1 .  Introduction 
2. Background 
3 .  The use of  RESRAD (here the justitication for the following sectioiis should be 

established) 
4.  Isotopic Ratios 

4.1 For Pu and daughter products 
4.2 For Ur  (move here from the current 4.3.2) 
Recent spatial distributioiis in soil 
4. I For Pu-239 
4.2 For Ur  

6.1 Pu 

5.  

6 .  Estimating concentrations i n  air 

6. I .  I Model of resuspension and atmospheric transport ... 
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6. I .2 Nonlinear ... 
6.1.3 Resuspension ... 
6. I .4 Resuspension ... 

6.2 Ur  (move here from the current 4.2. I )  
Scenario Results (move here from section 8, change ‘distributions’ to ‘results’. More on 
this later. The results section should come before the section describing how results are 
used to establish RSALs. 

8. Considerations in selecting ... 
9. Discussion and RSAL recommendations (note slight heading change) 

7. 

This suggestion for reorganization is noted. Some reviewers suggested moving Section 4.2, 
but most seemed to believe the organization was adequate. Some minor rearrangements may be 
done, and some subsections will need to be added to accommodate new material, but anything 
major is impractical at this time. 

Specific Page-by-Page Comments 

1. p.iii. para.3, last sentence implies that the RSALs for Ur and Pu were determined in a joint 
analysis whereas p. 4- 1 I states that they were calculated independently. Be clear/consistent 
about this here. 

Thank you. We will make sure that this statement is clear about the fact that plutonium and 
uranium RSALs were calculated separately and not in a joint analysis. 

2. p. iv, para 2, first sentence ‘For each scenario we present distributions...’. Use of the term 
‘distributions’ is misleading and confusing. The standard and conventional use of the term 
‘distribution’ is to refer to a probability distribution function (also called probability density 
function (pdf)) or a continuous distribution function(cdf), both of which illustrate 
graphically probability or cumulative probability as a function of the value of a continuous 
random variable. Here, as far as I can tell the concentration in soil (or RSAL) is not treated 

nor cdfs (thus, not distribbutions). This misleading term--’distributions’-- is used throughout 
the document and should be corrected throughout. The phrase ‘we present distributions’ 
could read ‘we present plots’ 

- om variable and the figures presenting the results in section 8 are definitely not pdfs - -  

A correction to the statement of the comment: the meaning of cdf is cumulative (not 
continuous) distribution function. In the case cited, one of the terms “plots” or “graphs” would 
work. There are other instances of this erroneous usage in Section 8, and they will be fixed. To 
say they occur throughout the document overstates the case. 

3. p. iv third para. Were evaluations at > 1000 years performed? If  not, is it possible that if the 
contamination reached the aquifer at say 1500 years then 1500 years would be the year of 
maximum dose? I n  other words, could the dose from the contaminated aquifer be large as 
well as late? 

Risk Assessment Corporation 
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Our calculations limited the duration of the simulation to 1000 years. I t  is possible that the 
dose from the contaminated aquifer could come later. We recognize this shortcoming but feel 
obligated to continue to use tlie 1000-year convention. 

4. p. iv, para 4, '...we would expect our RSALS to be somewhat lower than those reported 
previously by DOE/EPA/CDPHE'. At this point I want to know how they compare to the 
DOE/EPA/CDPHE numbers. I would like to see a Table of DOE/EPNCDPHE values as 
well as background values here to put thc recommended RSALs in perspective. An 
alternative to a separate table would be to augment Table GS-I to include the 
DOEIEPAICDPHE values. 

We have had numerous requests for such a table. Because our RSALs were calculated 
stochastically and tlie DOE RSALs deterministically, comparisons are difficult and misleading. A 
table will likely be lifted and used i n  various other media, and we want to be very careful about 
what information we present in this forin. We have decided not to present such a tabular 
relationship because of concern that i t  might misrepresent our own work. 

5 .  p.v Table GS-I. for DOE-I, DOE-2, DOE-3 under column with heading 'Pu(with fire)' and 
'Ur (with fire);key pathway', put a reference to a note which reads: 'fire considered in  RAC 
scenarios only'. Why are the NA's there for RAC-4 under 'Pu(with fire)' heading? Add a 
note. 

Thank you. We plaii to coniplete this calculation for the filial Task 5 report. 

6 .  p. v first para. last liiie ' the RSAL value' should read 'tlie recoinmended RSAL value'. At 
end of  para add something like. 'This is based in  the limiting sceiiarios RAC- I and RAC-7 
tvitli fire.' 

This enlianceriieiit \\auld clarify the test. but we plaii to make the final report clearer in 
terms of our intent to provide only an esaniple of  hoiv a recommendation might be formulated. 
I lie final decision about a recomiiiciidation lies with the panel. - -  

7. p.vii. 
changes. 

See above coiiiments on the outline and suggested re-organization and heading 

Thank you. 

8. p. I - I :. para 3 ,  line 6 :  'receiving doses high' . should change 'high' to 'higher' 

We will make this change. 

9. p. 1 -  I ,  last para. first liiie. add 'at' between 'soil and 'concentration'. In last line delete 'say 
U' . Add something like: 'In this study '"U is used.'. 23X 

We will make such a change. 
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IO.  p.1-2, first para, tirst sentence. Following 'presented', delete and modify to 'as the 
Pu and '38Ur concentrations i n  1197240 probability of exceeding the dose limit as a function of-. 

soil.' 

We will make such a change. 

1 1 .  p.1-2, last para. The first sentence seems to contradict the executive sunimary;p.iv, para 3. 

We will change the wording in the executive summary to make our point clearer. 

12. p. 1-3, 2nd para., sentence starting "in some cases the contaminated water ...' also seems to 
contradict the executive summary p, iv, para 3. 

We will change the wording in the executive summary to make our point clearer. 

13. p. 1-3, para 4 ending with '(Section 8)' . Add 'as a function of radionuclide concentration i n  
soil' to last sentence. 

We will make this change. 

14. p. 1-3, para 5 starting with 'The probability curves ...' . Replace with 'The figures ...' See 
comment 2 above. This has to be corrected throughout the document. 

No. These curves are appropriately referred to as probability curves, inasiiiiicli a s  the! sliow 
the probability of exceeding the dose limit as a function of radionuclide coiiccntration i n  the soil. 

15. . p. 1-4, last line replace 'distribution' with 'figures' 

No. We will say '-probability curves." The original intent was probabilit) distributions. but 
the sentence was written before the final mode of presentation was settled. 

- - - -  
-- - . 

16. See General comments. l-I 'is -tTliere ail- overview flowchart atid a rcig. i j i a p  - to the - 
- 

documentation of the analysis could be presented. 

As noted in response to the general comments, we will consider pseudocode, but we will not 
use a flowchart. 

17. p. 2-1, para 3. Reference Task 3 document at beginning of para. I n  last para. sentence 3 
starting with 'Each scenario..' , add '(i.e., exposure parameters were treated deterministicall\ 
in this analysis)' to the end of the sentence. 

We will make such a change. 

18. p. 3-1. Why isn't this in Task 3? I t  was discussed i n  l'ask 3 section titlcd 'Iiiitial 
Be clear about ho\\ it adds to the 7'ask 3 Concentrations of radionuclides' page 7. 

Risk Assessment Corporation 
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- ~~ ~ _ _ _ _ _ ~  

discussion. Also, in Table 3- I ,  there is a superscript 'a' next to the column heading "pCi g-' " 

that is unexplained. Is there a note missing? 

We feel that the initial concentrations of radionuclides are such an important part of this 
calculation that it is worthwhile to reiterate tllis information at this point in the Task S report. This 
information is at the heart of the sum-of-ratios calculation, and it is very important to remember 
that this calculation is inherently included i n  our analysis. The footnote to which the superscript 
referred was misplaced. I t  will be restored. 

19. p. 4- 1 .. A lot of the material i n  this section is redundant (verbatim) with sections in the Task 
3 report. Eliminate redundancies and if this section remains, be clear about how it  adds 
to/builds on the Task 3 material. 

Again, the spatial model of contamination is the backbone of this analysis. The information 
included i n  this analysis portrays the site-specificity of our calculation, and we believe it is 
important to highlight it in the Task 5 report. 

20. p. 4- I O .  Section 4.2.2. Move to Section 3. 

The point here was to put the special case of uranium in one section. The entirety of Section 
4.2 might be better placed somewhere else, but we have doubts about splitting it up. 

3 I .  p. 4- I I ,  first two sentences. This is important i n  interpreting results. Make this point clear 
in the executive summary. 

We will make this change to the executive summary. 

22. p. 5-2, Table 5-  I .  I t  would help i n  reading this table to do something to differentiate heading 
levels either with larger indents or some formatting. 

Wc agree with the reviewer about the format of the table and will try to make it clearer 

23. p. 6-  I first para, sentence starting "It is reasonable to apply ...I After this  sentence, refer back 
to Section 5 with something like: 'The purpose of Section 5 was to develop such a mass 
loading factor model for exposure locations within RFETS.' Ideally, docunient should be 
reorganized as suggested in my  general comments and this section should be rewritten to 
establish and detail the need for the development of isotope ratios and a mass loading model. 

We will consider this enhancement as a part of the reorganization. 

24. p. 6-?.Figure 6-1 . See general comments. This figure should be revised to be compatible 
with the overview flo\vcliart or ideally. it sliould be incorporated into the overview 
flowchart . 
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We still believe this figure- or something like it  - to be valuable, even in tlie presence of 
a pseudocode summary. 

25. p. 6-5, last 2 para.: If  RAC develops an overview flowchart of their methodology as 
discussed in  my general comments, it should help theni explain this. As is, I cannot follow 
this description. 

It is rather dense. As noted before, we will not use a flowchart. Pseudocode is possible, but 
we do not promise it. We will see what (if anything) can be done for this section. 

26. p. 7- 1. The use of the word 'criteria/criterion' in this section is wrong. Replace with 'factor'. 
Criterion is defined as a standard on which a decision or judgement may be based. Most of 
tlie items i n  the list are not decision criteria at all. I n  addition the first seven factors should 
be listed separately as tlie factors that are considered. The remaining should be listed as 
those that are not considered (are outside tlie scope of the work), but are discussed briefly. 
With this reorganization, the first sentence i n  the paragraph starting 'Other criteria ....I needs 
to be revisited. This change would make this introduction more consistent with tlie 
remainder of this section. 

We use tlie words criteriodcriteria liere as an alternative to other words already overused i n  
this section. We will rearrange the introduction to this section as suggested by the reviewer. 

27. Section 8, All Figures. it \\'oiild be nice to mark tlie UOE/EPA/CDIHPE RSALS oil the 
figures. 

For tlie scenarios DOE-I, DOE-', arid DOE-3, \vc recalculate the RSALs based on our 
stochastic inethodology. I t  \\~ould be inisleading to represent the deterministic DOE values i n  this 
context. 

28. p. 8-3 Table 8- I Ale tlirse averages over all iealizations and initial Pu conceritrations'j 
This should bc-ingde clear i n  - the tzvt as ne11 as i n  flowchart of the analysis that I suggest 
RAC develop 

- -  
- 

- 
- -- ._ - _  - -  

_ _  - .  

- _ .  I lie inforination in tlie table are 'not averages over all realizations but tlie output from a 
single realization. Obviouslj. tlie proportions would change solnewhat between each realization. 
and i n  some cases, the order of iinportancc would cliange. We \ v i l l  change the tables to represent 
the fraction of dose by patliwaj as determined using the nominal values (or a predefined set of 
values) for the \rarious stocliastic inputs. 

29. Appendix C.  I did not revie\\, it1 detail, but note lliat i t  would be useful to note tlie 
background concentrations in the esecutivc suiiiin;iry for comparison to the recommended 
RSALs. 

We will aclcl this i n  formatioil t o  11ic executive siiiiiiiiiirj'. 
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30. Appendix E. This is an interesting discussion, but I did not see it referred to in tlie main 
report. Is it? If not, it should either be eliminated or referred to i n  an appropriate location i n  
tlie main report. if it remains, it should be cleaned up. 

We refer to this appendix on page 7-5. Other references will appear when we add a 
comparison between a lifetime risk criterion and a maximum annual dose criterion. 

31.  Appendix E: first para. Risk should be defined. Is it risk of a fatal radiation cancer, risk of 
radiation cancer, or risk of death. In first para, sentence 2, is the lifetime risk of 3x10" 
based on a 70 yr lifetime, then the sentence should read '...lifetime risk of about 3xIO4 (EPA 
1997)based on a 70 year lifetime and a risk coefficient of 3xIO4 rem-'where risk is defined 
as (fill in the blank)'. 

It is the  risk of fatal cancer resulting from radiation exposure. The text will be clarified 
accordingly . 

32. Appendix E first para, sentence mid para starting 'This risk is now....'. Why are tlie citations 
i n  this sentence earlier than tlie EPA 1997 citation. Comment on this in the document by 
saying something Iike-'Earlier estimates of tlie risk coefficient (ICRP 1991, etc) have 
become more widely accepted since EPA 1997 arid the risk coefficient is now estimated to 
be . . . . I  

I t  is the risk coefficieiit- (the risk per unit dose) for exposure to low-LET radiation that is 
recognized to be 5 x IO-' Sv-I. Tlie EPA (1997) has stated that an individual effective dose l imit  
of I5 mrem y-I is equivalent to a lifetime risk of fatal cancer of about 3 x IO-'. Tlie text will be 
revised to present the two pieces of information more clearly. 

3 3 .  Appendix E, End of tlie first para sentence starting 'We will assume...'. Why does RAC have 
to assume anything about the risk as at the target dose? Their whole analysis is dose based. 
Eliminate this sentence. 

Although tlie analysis for the RSALs is based on dose, Appendix E provides a commentary 
on the risk that an annual dose l imit  of 15 mreni represents. Tlie sentence in discussion provides a 
risk estimate for 70 years of exposure to 1.5 mrem every year based on tlie risk coefficient for 
exposure to low-LET radiation ( 5  x IO-' Sv-I) with uncertainty estimates. 

34. Appendix E, last para. Add comment on Ur. Is it uniformly distributed and therefore not i n  
need of a discussion such as tlie one presented for Pu here.? 

No comment was provided on uranium at this point because, as the text makes clear, 
uranium is a lesser problem than plutonium. Also, we do riot have readily available information 
on uranium risks that is needed for a precise evaluation as we do for plutonium in  Grogan et ai. 
( 1999). 
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Reviewer E 

As with all but one of the previous reports by these authors, this is a well prepared and 
mostly excellent draft. I have oiily a few major comments, these center around ( I )  the 
relevance of the scenarios that are valid for only a few years, (2) the validity of the dose 
limit for the industrial scenario, ( 3 )  possible wider application of the scenario incorporating 
a fire, and (4) the need for a justification for the choice of the probability level for 
compliance. 

Major Comments 

1 .  Relevance of infant and child scenarios to the CERCLA risk criteria 

As is well known, the risk criterion set forth in the National Contingency Plan (NCP) for 
carcinogens provides the regulatory policy basis for the 15 mreidy dose criterion used in 
this report for many of the scenarios. This risk criterion is specified as IO-‘ to 10‘61ifetinze 
risk (40 CFR 300.43O(e)(2)(i)(A)). The relevant time frame for consideration of an annual 
15 mreni dose is therefore a full lifetime. (Clearly, a year or two of exposure at 15 mrem/y 
would not constitute a violation of the NCP risk criterion.) I n  deriving the I5 inrem annual 
dose criterion from the lifetime risk criterion, EPA has already incorporated the risks 
accumulated throughout all of a normal lifetime, including those during infancy and 
childhood. For this reason, it is neither necessary nor appropriate to derive separate RSALs 
for infants and children. They are already protected to the level of the lifetime risk criterion 
through the RSAL for adults. Cleanup to lower RSALs derived for infants or children would 
result in  lifetime protection at risk levels below those required by the NCP risk criterion. 
Fortunately, for the results presented here, since the RSALs derived for these special cases 
are the same or higher than those. for adults in corresponding scenarios, this inisuse would 
not occur. However, for accuracy and consistency, these inappropriate sceiiarios should 
either he dropped or just noted as consistent with the results for adults, but not necessary to 
protect children or infants. 

tu the final draft, we \v 
= .  . ...~ ~ . .  

.~ 
~ ~ ~ -~- ~ 

~~ 
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~. . . . - -  .~ ~ ~ ~ 
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~ .~ ~ 
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range to IO-‘. We will introduce factors that will represent integration of the annual dose 
over the lifetiiiie of an individual, taking into account variation of source, and in particular, the 
year or so following a fire, consideriiig that the exposure might be greater than in previous or 
subsequent years. This will (at least approximately) resolve the question of using as a criterion the 
dosc for one year at the I5 nirem level. 

As to the age-specific scenarios, we appreciate and understand the comments of this 
reviewer on the subject. Although we plan to present lifetime risk calculations i n  the final report, 
we did begin this project with the directive that our criterion for evaluating dose was anannual 
l imit  of I5 or 85 mrem. We then proceeded to select scenarios and parameters that were 
nieaningfiil and important for us as researchers and for the panel. The child scenario is necessarily 
one of these, and we plan to leave it i n  the analysis. 

Risk Assessment Corporation 
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What we will endeavor to do is to explain, within the context of the child scenario, tlie 
limitations of that scenario and the implications of the I5 mrem dose criterion and the lifetime 
risk criterion. 

2. Applicability of the 85 mrendy criterion to industrial workers 

We have commented previously (in connection with the Task 2 report) on the misuse oftliis 
dose criterion in the original DOE report that set out tlie scenarios designated here as DOE- 
1, -2, and -3.  As noted before, the 85 mrem/y dose criterion was proposed by EPA as a 
supplementary upper bound on the possible exposure of individuals in  order to assure a 
minimum level of protection in the event of tmanticipaled failure of institutional controls, 
not as an alternative dose limit. Further, such failure was expected normally to be of short 
duration, because it was assumed to be corrected when identified. The criterion was not 
intended for application to planned long-term uses when institutional controls are assumed 
(i.e. planned) to no longer exist (as in the three DOE scenarios noted above) and it W N S  

cerlainly never intended for use as a occupational srandcwcl, as it is used in the RAC-4 
scenario. The Superfund does not recognize different risk (or dose) criteria for individuals 
exposed as workers vs. other members of the public after a site has been cleaned up. The 
only way an increased dose to a worker over that permitted any member of the public would 
be permissible is for the situation in which the worker is exposed to be the result of licenses 
activities involving radiation as a part of the work product. Of course. at an industrial site, i t  
is appropriate to take account of the decreased residency of a worker, as was done i n  
scenario RAC-4. However, the close crirerioii /ha/ shoirlcl be upplied iii R.4C-4 i.v 13 tiirctii(v. 

imf 85 nweni/y. We note that, in  the current directive under which EPA regulates radiation 
cleanups (OSWER Directive No. 9200.4- 18; August 1997). the 83  mreni/y criterion Iias 
been dropped entirely, since it is assumed to be unneccessary. 

Use of the appropriate dose criterion ( I  5 m r e d y )  rvould appear to reduce the RSAL 
for this industrial scenario (no fire) to 140 pCi/g. I-lowever. it also is not clear why this 
scenario was not evaluated for the case of a fire. Surely an industrial activity could continue 
following such an event. I n  this case the RSAL would appear to approach a few tens of 
pCi/g, close to the liniiting values set by tlie other scenarios. 

In any case, the viability of any industrial scenario depends oii the guaranteed 
continued effectiveness of institutional control. I t  remains not obvious to this reviewer that 
either the commitments or assurance of effectiveness for the necessary institutional control 
exist. The DOE report depends on the "Rocky Flats Vision" for assurance of sucli control. 
This document was not available for review. However, a '-vision" is not a legal coinmitnient. 
and the discussion of near and immediate term land uses and, inore significantly, the absence 
of any discussion of long-term land use (e.g. i n  tlie last paragraph on p. 6- I5  of tlie DOE 
report) creates the impression that tlie state of cornmitinents for and assurance o f  
effectiveness of institutional controls i n  the future is very uncertain. I f  the lead agency 
(DOE), State, and local officials cannot provide reasonable assurance of maintaining 
effective institutional control for I 000 years, then consideration would have to be given to 
cleanup of the site to 15 mrem/y under scenarios that do tiot depend on tlie presence of such 
control. Obviously, if tlie RSAL for industrial use is found to be close to the for unrestricted 
use, the importance of sucli a consideration is greatly reduced. 
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Both tlie 15 and 85 mrem y-’ limit will be used to calculate tlie industrial worker scenario, 
giving tlie panel the option to clioose between the two, and tlie fire will be incorporated 
probabilistically into all scenarios. 

3 .  Applicability of the scenarios involving fire 

Two considerations occur to this reviewer. Tlie first, and most important, is that the analyses 
forming the basis of this report have not been able to take into account the possibility 
(probability, many would say) of significant future climate change during the 1000-year 
time horizon involved. Such changes could lead to much drier conditions that are effectively 
mimicked by the fire scenario. Tlie fact that the analysis of resuspension, which has been 
artfully handled in this analysis, has been based on current site condition rather than on more 
general findings greatly heightens this concern. It would strengthen the analysis as well as 
the recommendations of this report if the so-called “fire” scenarios could be treated also as 
possible future climatic changes scenarios, or if such scenarios could be independently 
assessed, based on resuspension parameters of these soil types in much drier areas. 

The second consideration is related to the concenis discussed under heading (1) above. 
Tlie fire scenario, taken as a genuine fire (not as a surrogate for climate change as suggested 
above), would denude tlie landscape for only a limited part of a normal lifetime- perhaps a 
few decades. Undoubtedly there is some data on tlie recovery time for such events. I n  any 
case, this scenario potentially also would violate the considerations relative toli@time risk 
noted above, albeit not so severely as tlie infant scenario. 

Tlie fire event, occurring (or not) sometime in the next 1000 years, will be incorporated 
probabilistically into all scenarios i n  tlie final report. Tlie 1000-year temporal scope obviously 
introduces major uncertainties, and tlie prospect of climate change to an arid regime that would 
also enhance resuspension i n  ways unforeseen by our analysis of the year-2000 case must be 
acknowledged. We must be content to mention this in tlie recommendations rather than to treat it 
analytically in this report. Development of credible scenarios of climate change and probabilities 

- _  associated with them would require resources that are not available to us. 
- 

~ 

- - _ _  
= = -  - ~- 

- ~ = -  - 

4. Basis for tlie recommended probability level for compliance 

Tlie report recommends the use of between 5% and 10% for this level, but provides no basis 
for selection other that i n  ”...represents a consensus among RAC scientists.” We respectfully 
suggest that this is a matter on which science can offer only a definition of the range and 
probability of exposure, not tlie selection of a probability of compliance criterion. However, 
there is a relevant regulatory policy support for just those values (tlie scientists did clioose 
tlie right value, its just that /heir opinion shouldn’t carry any special weight!). Under 
CERCLA, tlie statute that applies i n  this case, the RSAL is intended to assure protection of 
tlie “Rcwotinble M&-iiizzriii Exposed” (RME) individual. The following quotes are typical of 
EI’A guidance on this subject: 

“ __ .  uclioiu ut Strperfiind sites should be bused oti un eslimate of the remoriuhle 
ttiuxiitiiitri exposure (&LIE) e.upec~ccl IO occur under both ctrrrent and firtiire Icitid use 

~~ 
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conditions. Tire reasonable maviiiiiini exposure is dejinecl here CIS the iiigiiest exposure thar 
is reasonably expected to occur at the site ... ” (“Risk Assessment Guidance for Superfund, 
Volume I ,  Human Health Evaluation Manual (Part A) Interim Final,” EPA-502/1-88-020.) 

“The high-end of the risk di~tribir~ion is. conceptually, above the 90“’ percentile of the 
actual (either rneasirred of esliniuterl) distribution. The conceptual range is not nieant to 
preciselv defuie the limits of this descriptor, but should be irsed carejrlly by the assessor as 
a target range for characterizing “high-end” risk. ‘ I  (:‘Guidance on Risk Characterization for 
Risk Managers and Risk Assessors,” Memo from Henry tlabicht 11, Deputy Administrator, 
EPA, to Assistant Administrators and Regional Administrators, February 26, 1992). 

These quote speak to the choice of tlie point i n  the distribution of risk that tlie RSAL 
should protect against, and that is what the choice of the probability level for compliance in  
effect does. I t  would add weight to tlie report to provide a discussion of  tlie basis for the 
choice of tlie 5-10% probability level. I t  should show that it was chosen to provide 
protection to the RME individual. That conclusion is an important part of the 
recommendations. 

In this connection, the report does not give sufficient attention to uncertainty in  tlie 
overall projected risk distribution i n  future populations. That is, while tlie report does an 
excellent job i n  handling tlie distribution of dose due to uncertainty in parametric values for 
the models describing environmental pathways. there is not much discussion of the relative 
likelihoods of the different exposure scenarios. The bottom line should provide sufficient 
information to serve as tlie basis for justifying the selection of the RME individual. The 
report should recognize and address this issue. at least qualitatively, sirice it  is basic to tlie 
relationship between action levels. dose liniits, and tlie probability level selected for 
co m p I i an ce . 

The quotations provided by tlie reviewer assert regulatory support for the chosen 5%- 10% 
probability levels. aiid they work very well with the masiinum annual (effective) dose criterion. 
However, more than o u r  collective opinion \vent into the recoininendation of these probability 
levels. Ninety-percent coiifidence intervals are prevalent in practical parameter estimation. and 
tlie de facto detault for tests o f  hypothesis is 594, as almost any statistics test will indicate by its 
examples. I n  any case, we are pleased to cite tlie rcgulator}~ dociinients. 

The probability of similar levels of protection for tuture populations is much harder to 
answer. We make ;I sharp distinction between environmental variables and scenario definitions, 
and it seeins that tlie reviewer is concerned with predicting appropriatescenarios for future years. 
We have less confidence than the reviewer does about realistic prospects for this kind of 
prediction. Our fire-related exposures are applied to hypothetical individuals in future centuries 
when tlie fires occur, on tlie assumption that these individuals exist i n  the same exposure scenario 
definitions that govern their year-2000 counterparts. How else should one proceed? I t  is possible 
that 600 years in the future, tlie region may be sparsely populated, with no liuiiian habitation 
within miles (kilometers) of tlie site. But one caii also iinagine the land crowded with liuts and 
children playing among tlie crumbling paving ruins of tlie former 903 pad. If one wishes to 
consider really extreme possibilities (and tve do  not intend to be facetious), oiie might postulate a 
terrorist with access to future technology. \vho inanages to separate plutonium from the soil on 
the site arid prepare i t  as an aerosol that lie disperses among populations remote from the site. 
HOW does one assign probabilities to such cases‘? 

It rniglit help 10 rerneiriber that dose or risk estimates based 0 1 1  a scenario are not statements 
about real people. Rather. they are stateiiients aboiit tlie predicted or measured teinporal evolution 
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of the exposure environment i n  which the scenario subject is imagined to exist. The scenario is a 
mechanism for placing the state of the exposure environment on a one-diniensional scale that is 
crudely related to possible experiences of real people. I t  represents something similar to a 
potential function of the environinental state variables, whose value is a rough measure of what a 
real person might experience if a real person lived and behaved as tlie scenario indicates. 
Assessing the probability of such existence and behavior in the remote future is speculativeat 
best. Assembling a space of scenarios over time that would credibly exhaust the universe of 
practical possibilities is a challenge that we doubt has been successfully addressed. 

We are thus reduced to defining scenarios that are invariant in time and that seem to offer a 
level of potential exposure, and thus protection through infeked control levels, that seenis 
subjectively acceptable and is incorporated into regulations. But scenarios that are invariant in 
time are doomed to fail as models of the future, and we believe we must be careful not to pretend 
otherwise. 

This is a subject for futurists; we do not believe that it fits into a project with the scope and 
resources of this one. The questions are relevant, if only for the difficulties they raise, and we will 
try to find some remarks that introduce them into the report. Our recommendations might point to 
some research directions that could be taken. But we are not optimistic about giving them the 
kind of treatment the reviewer seeins to contemplate. 

Minor comments 

p. ii i  Addition of the fire scenario is a major improvement. See also # 3  above. 

We plan to introduce the fire scenario into all of the scenarios for the final report. 

p. iv Use of separate RSALs for 230‘L40Pu and 238U only is an excellent approach that appears 
to be well justified (p. 1-1). Use of tlie sum-of ratios calculation is also a rna-jor 
improvement over the DOE/EPA/CDPHE approach to calculating RSALs. 

We are pleased that the reviewer concurs with our approach. We, too, believe it to be well- 
justified and appropriate for Rocky Flats. 

- 
- _ -  ~ --_ - 

p. v Why is=the fire scenario omitted for the three- DOE scenarios and-t]!e IIAC-4 - . -  - sceiiario - -  _ _ _  

(Table GS-I)? RSALs for these fire scenarios should be included or a convincing 
explanation added for their omission. 

We plan to introduce tlie fire scenario into all the scenarios for tlie final report. 

1-2 I t  is not clear to this reviewer that the extensive work that went into modeling he 
current level of exposure due to resuspension is really needed. in vie\v of the 
uncertainty about tlie effect of future climate change. A inore general approacli bascd 
on experience for a wider range of climatic conditions than those prcsentiy obtainin_c at 
tlie site would be inore convincing. However, this shortcoming can be overcome b! 
broader consideration of the implications of the fire scenario. 

As implemented, tlie current lcvel of exposure applics only to tlie first ycar considered 
(2000), since (in the absence of a fire) that is the time of maximum exposure for 1’11 (tliough not 
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necessarily for U). If we incorporated effects of future drought explicitly, a flux more like the one 
associated with the fire would be used for that period. We believe a credible analysis of the 
resuspension f l u s  was required even for 2000 with contemporary ground cover because of the 
competition of the inhalation and soil ingestion pathways for dominance. Earlier versions of 
RESRAD, when applied to the DOE resident scenario, tended to favor inhalation because of older 
dose conversion factors and the RESRAD resuspension niodel. The newer RESRAD 
resuspension model, which is based on more realistic models, decreases the estimate of the air 
concentration. However, the developers themselves urge users to apply available air 
concentration data instead of the program’s predictions. That is what we have done, bypassing the 
RESRAD resuspension model. The analysis of uncertainty, which we consider indispensable, 
required most of the work. 

2-1 RAC is to be commended for the work it has done to expand the scenarios to more 
meaningful cases. The importance of this is demonstrated by the fact that none of the 
former scenarios is limiting for the choice of RSALs. 

Thanks to tlie reviewer for this endorsement. The panel’s involvement i n  the selection of 
scenarios was pivotal to the success of this project. 

2-2 ‘The use of a Monte Carlo interface for RESRAD to estimate dose distributions is 
commended. 

This Monte Carlo interface was a required portion of the project, but it does significantly 
enhance the presentation of results. 

4-9 We continue to be puzzled by tlie fact that tlie measured soil concentrations (Figure 4- 
4) below I-lwy. 73 have average values that are clearly greater than the 2 Bg/kg contour 
shown i n  the figure. (We count only 18 points <2 Bq/kg, but 21 points 2-10 Bq/kg and 
7 point I O -  IO0 Bqkg. What are we missing?) Why does this not invalidate the results 
obtained using tlie inodel described i n  Section 4. I? 

As noted i n  tlie test, sonic of these readings could have their origin i n  the 1957 fire, which 
would not conform to tlie model of wind transport from tlie 903 pad. Elevated readings were 
noted near the junction of Highway 72 and Indiana Street by Litaor et al., Health Phys. 69(6), pp. 
9 3 - 9 3 5 .  1995, \vho offered no esplanations. The model is based on radial power-function fits 
from tlie 903 Area. of which tlie graphs i n  Figure 4-3 are examples. We would be pleased to see 
all of the soil data reesaniined (including some data that we had to exclude because they would 
have required too much time to document), adjusted for time and sampling depth, and this or a 
different sniootliing technique (e.g.. kriging) applied to produce a possibly better spatial 
distribution model, wliicli would improve predictions of air concentrations. Such an undertaking 
was not possible within our time constraints and budget. No model will avoid tlie large variability 
indicated by the scatter i n  tlie graphs in  Figure 4-3, and thus  validity of the predictions must be 
judged by the model‘s mission. lliis is a smoothing model. I t  cannot be expected to give accurate 
point estimates at specific locations, but i t  provides a basis for integrating resuspension fluxes 
over large areas for calibration. Point predictions of concentration must be interpreted as generic. 
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4-10 There appear to be a couple of typos in  the last two sentences of tlie para. preceding 
4.2.2. (Inverted order, and incorrect negative exponent). 

The reviewer is correct to notice this. These mistakes will be corrected. 

4- I 1 The argument for separate RSALs for Pu and U only is sound. 

We thank the reviewer for this endorsement of our technique 

5-2 Some discussion of the implication of possible large scale agricultural cultivation 
would be useful. (This might occur is future climate change produced more, rather than 
less, precipitation.) 

Here again, it seems to us, is an activity for future refinement of the scenarios. It is 
something we can ineiition and treat i n  tlie recornmeiidations. 

5-14 The roughness height, z,,=O.Oj m, seems lo\\( for prairie grass. 

Perhaps it is. This is a iiuinber that has been recommended for uncut grass (McRae et at., 
“Development of a Second-Generation Mathematical Model for Urban Air Pollution 1,’. 
Atmospheric Environment 16, pp. 679-696, 1982). Tlie roughness height is approximately 111 0 
of the height of tlie obstacle, which would correspond to grass 0.5 m tall, about kiiee-liigli for a 
inan of average height. 

5- I 7  Figure 5-6 is most helpful. 

We are pleased that  the reviewer found this figure useful. 

7-7 As noted earlier, the discussion i n  7 I I should be elpanded to iiiclude tlie CERCLA 
idibidual. After all, this is a 

CERLCA cleanup! 
We Fully concur witti the recommendations iii 7. I 3 concerning significant digits. 
I n  section 7. I 3 tlie considerations notcd above regarding climate change might be 
introduced 

~ - -  _ _  - _  -- - - - - - definition of tile Reasonabl) Masimuni Exposed ( - 
- - _ -  - - -  

-. _ - _  

Tlie discussion in 7.1 . I will be expaiided, and cliinate change will be mentioned i l l  7.1.3. 

7-3 I n  section 7.1 .j some discussion of the regulatory policy basis (see above) for selection 
of this value would be more appropriate than noting scientific conscnsus. 

We will proceed along [lie lines recommendcd b> tlic reviewcr i n  general cominent 514. 

7-4 Section 7.2.3 should be oiiiilted since i t  only confuses tlie issue. Neither of the limits 
cited are coinparable, siiice neither applies to tlie cleanup of this site. The ICRP 
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recommendation applies to prospective operation of practices and is not legally 
applicable in this case. Although the Clean Air Act limit applies to this facility, i t  
addresses only the air pathway, and is not a cleanup standard. 

These points are well taken. We will consider deleting this section. 

7-5 Section 7.2.4. Although we have not reviewed the work of Grogan, the calculation 
appears to be based on the use of effective dose. Such calculations are suspect, in  part 
because of uncertainties in the weighting factors used. A more reliable estimate may be 
that using the uncertainties given in the just released Federal Guidance Report 13, 
Cancer Risk CoefJicients for Environniental Exposure to Radionuclides, EPA 402-R- 
99-001, September 1999 (FG 13). Using that reference we calculate a lifetime risk of 
0.6 x 1 O4 for an inhalation dose of 15 mrem/y from Pu-239, using the dose coefficient 
of 0.059 mrem/pCi employed in this report (Task 3, p. 10). This risk fall clearly within 
the EPA acceptable range of lo4 to 1 Os6 lifetime risk. 

We note i n  passing that some of the comments in Appendix E are not correct, in 
part because they also rely on use of effective dose. In particular, the discussion in the 
first paragraph regarding the risk associated with the 15 mrem/y should be based on 
radionuclide-specific risk calculations, that do not depend on the use of weighting 
factors. Useful discussions of this problem are found in FG 13 at pp. 1, 2 and pp. C-22 
to C-24. In the example given, thorium-232, inhalation risks derived using effective 
dose are 4.3 time higher than those calculated using the direct risk calculation 
employed in  FG 13. 

Fiiially, the last paragraph of Appendix E is not relevant to cleanup of man-made 
contamination, and should be deleted - the comments is gratuitous: a numerically 
almost identical comparison could be made of the ICRP recornmendation for radon and 
their recommended limits for individual practices, and it would be equally irrelevant. 

The calculations i n  the work of Grogan et al. (1999) are not based on effective dose. Organ- 
specific dose estimates and risk estimates were determined. No use of weighting factors was 
made i n  the analysis. Thus the concerns of the reviewer, although legitimate, are unfounded in 
this case. 

We are obtaining a copy of the recently released Federal Guidance Report 13, Cancer Risk 
Coeflkienrs for Givironniental Exposirre to Radionuclides, EPA 402-R-99-00 1 ,  September I999 
for review. 

We agree that the statement in the last paragraph of Appendix E is gratuitous, but because 
else where rigid risk limits seem to be expected it is necessary to point out that this is not always 
feasible and radon is a case in  point - good radiation protection practices can be recommended 
neverthe less. 

9- I I n  Section 9. I ,  the sentence "No institutional controls have been taken into account, SO 

the dose l imi t  is 15 mrem/y," is puzzling and potentially troubling. The dose l imit  is 
always I5 mrem/y, whether of not institutional controls are present. The only change 
under the old proposed EPA standards for the case of institutional control was the 

. 
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addition of a further requirement that the remedy satisfy 85 mreni/y in tlie (assumed 
temporary) absence of that institutional control 

This language will be changed. 

9-2 Last paragraph. This important result deserves more discussion and promiiience in the 
recommendations. It appears to mean that onsite scenarios that depend on institutional 
control would not provide adequate protection to the offsite individual. 

This paragraph is one that will have to be changed to reflect the incorporation of the fire into 
all scenarios. The conclusions will be given more prominence in the final report. 

10-1 This reviewer is puzzled by the comments regarding the adequacy of RSALs for 
characterizing potential exposure - particularly those based on non-uniformity of 
contamination. We assume that the calculation of residual exposure assumed cleanup of 
all contamination that is above the RSAL to the level of the RSAL, and that 
contamination below the RSAL is assumed to be left in place. Modeling that took into 
account tlie exact distribution of contamination for all potential locations of receptors 
would be unreasonable, and probably riot economically feasible. The comment that “the 
definition of a soil action level requires that the exposure environment be uniformly 
contaminated” is therefore misleading, at best. Of course cleanup results in exposure 
that is normally below the selected cleanup criterion - that is the hoped for results, and 
it is perfectl), consistent with tlie underlying risk criterion, which extends two orders of 
iiiagnitude below tlie upper bound represented by tlie I5  nirem/y dose limit. 

Tlie reviewer reads more into the soil action level tlian i t  actually contains. if we are 
interpreting this comment correctly. The calculation does not evaluate residual exposure after 
remediation. RESKAD can only estimate tlie level of uniform contamination of a radionuclide 
that would (according to tlie models) give the 15 nireni annual dose limit. In our adaptation, 
RESRAD is tricked into using a local aidsoil contamination ratio that is based on external 

~ ~ = ~ calculatioiis. tligk. .cO?si&r= til. C‘xis-ting iionuniform spatial distribution of radioactivity. If the 

and this cliange will be reflected i i i  tlie estimate of a soil action level. Thus, in  this sense, the soil 
action level is not uniquely defined. The magnitude of the air/soil contamination ratio’s change 
inay be unimportant, but the lack o f a  clean objective definition forces us into tlie position that the 
RSAL is whatever this algorithm produces. 

We appear to have a philosophical difference with the reviewer. We believe that hazard 
indices such as soil action levels should be applied only in very restricted and well-defined 
circumstances. Others seem comfortable i n  trying to extend their use ad hoc to far more 
complicated settings (this trend has been going on for more tlian 25 years and has been promoted 
by the a p c i e s ) .  W e  are doing our best to assist i n  making such an extension work, but we have a 
liiigering colicern that people m a y  be reading properties into the soil action levels that they do not 
possc.ss. 

- - ~.~~ ~ ~ ~ . 

.~ - -  spatial dis~ribution changes (e.g., by PartiaIrei1ieaiadon)l the-air/soiI-contaminationratio changes, = -= ~ . - .~ 
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OTHER REVIEW COMMENTS 

Brady Wilson 
General 

1. The purpose of this report is, clearly, to recommend soil action levels for the Rocky Flats 
Environmental Technology Site (WETS) and to explain the basis for the recommendation. 
The report also outlines other considerations to be taken into account when stakeholders, 
regulators, and the DOE select the official soil action levels. 

2. I applaud Risk Assessmer~~s Corporuriori (RAC) for outlining a list of corisiderations for the 
selection of an official soil action level. I found the list to be comprehensive and 
informative. I appreciate the listing of considerations that were not taken into account for 
RAC's part in the selection process. 

3.  I also applaud RAC for their calculation of soil action levels that would be protective of an 
offsite rancher at Indiana Ave. This particular calculation is very relevant to the selection of 
a soil action level in that there are currently ranchers living and working i n  the iniinediate 
vicinity of WETS. 

We thank the reviewer for all o f  the above comments. 

4. 1 found that the values reported by RAC: for a 10% probability o f  exceeding the dose limit, 
are comparable to the values reported by DOE/CDPHE/EPA in  1996 for the sanie scenario 
and dose limit; except when the modifying factor for the effects of a fire on soil 
resuspension is applied. 

Not just the modifying factor is different. The RAG' calculations and the DOE/EPA/CDPI-IE 
calculations are fundamentally different because of the inclusion of the stochastic methodology i n  
the RAC calculations, the change in  dose conversion factors, and the resuspension model. 

5 .  Although I agree that the effects of a fire on the resuspension of soils need to be considered, 
I disagree that the same rate of resuspension would exist for an entire year. Assuniing thal a 
fire occurs during a dry year and at an inopportune time i n  that year, it is not unreasonable to 
assume that the vegetation may not have an opportunity to re-establish itself to ful l  quality 
within a single year - although, it is likely that within that year some re-establishment of 
vegetation will occur. Leaving that aside, soil moisture and snow cover within any given 
year would reduce the resuspension rate. The factor of 200 used to represent the occurrence 
of a fire should be reduced to some extent to reflect the periods of reduced resuspension 
during the wet months of the year. 

There is, of course, room for considerable refinement of the fire sceiiario. but i t  involves 
more effort than we have had the time to undertake, and data that we know about are iiisufficient 
to provide a convincing range for the f l u s  parameter. Wliat we have prescnted i n  the draft is a 
rather crude formulation with very large uncertainty. We have reformulated the tire niodel, and i t  
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will be applied probabilistically to all scenarios. It will implicitly consider tlie possibility of 
different burn areas and other mitigating factors, such as regrowth time and distance of scenario 
.subjects from the burned region. It does not consider augmentative effects such as delayed 
regrowth due to drought. 

Specific Comments 

1 .  Page 1 - I, Fourth Paragraph 
Recently reported elevated values in surface water at a point of evaluation in the Industrial 
Area indicate Pu: Am ratios other than the typical ratio. The site believes that this is likely 
due to a source of Am in the Industrial Area, but  this has not been verified (Water Working 
Group meeting). Therefore, it may not be appropriate to assume that the ratio of Pu to Am is 
always constant. 

We are not assuming that the ratio of plutonium to americium is always constant. We are 
assuming that we know something about the ratio of plutonium to americium in soil today, based 
on the ratio measured in the early seventies and allowing plutonium to decay and form americium 
until a starting condition is defined (in our case, the year 2000). RESRAD continues this 
radioactive decay throughout the course of the calculation. However, our model cannot reproduce 
such anomalies as the one cited. 

2. Page 4 - 8, Section 4.2. I 
l’liis section should be moved into Section 5 of the report. Only information concerning the 
spatial distribution of uranium should exist in Section 4. 

We are considering some rearrangement of the report as a result of the comments of 
reviewer D. 

3 .  Page 4 - 8, Section 4.2. I 
This Section outlines a method for determining the U concentration in air that differs from 

This Section should contain more discussion as to why the different -that u5ed for Pit. 
methodology is being used for U, and why this methodology is inadequate for Pu. 

- -- 

Plutonium contamination is much more widespread than uranium contamination at Rocky 
Flats. We cannot, therefore, treat plutonium contamination as hotspots. This is identified i n  a 
sentence immediately preceding section 4.2. I 

4. Page 4 - IO,  Section 4.2. I, Last Sentence 
300 * 35 pg n1-3 = 7.0 * lo3 j.ig ITI-~, correct? 

Many adept reviewers noticed this mistake, and we are grateful to them. 

5. Page 8 - 3, Sectioii 8.1. I .  I ,  First Paragraph 
Computationally, tlie I I5 pCi/g value reported by DOE/CDPHE/EPA i n  1996 is comparable 
to your I70 pCi/g value because they are both suni-of-the-ratios values calculated for a 15 
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mrem dose limit for the same scenario. Likewise, the 1996 value of 651 pCi/g is 
computationally comparable to your 960 pCi/g value for an 85 mrein dose limit. 

As noted above, the comparison is not as useful as one might first think. Several things were 
done differently, and some tend to cancel others. Recent inhalation factors and a different 
resuspension model reduced tlie inhalation component, and recent ingestion factors increased the 
ingestion component. Tlie firc was not considered, but it will be incorporated into all scenarios 
for the final report. 

6. 

7. 

8. 

I .  

Page 8 - 5, Section 8. I .2. I ,  Second Paragraph 
This paragraph discusses the 15 mrem dose l imit  distributions for the open space scenario 
but the graph shown on tlie previous page shows the distribution for the 85 mrem dose limit. 
Tlie distribution for the 15 mrem dose limit should be added to tlie graph, or replace the 85 
mrem dose limit distribution. 

We will show both calculations i n  the final report. 

Page 8 - 7, Section 8. I . 3 .  I ,  First Paragraph 
This paragraph discusses the 15 and 8 5  mrem dose limit distributions for the office worker 
scenario but the graph shown on the previous page shows the distribution for the 85 mrem 
dose l imit  only. Tlie distribution for tlie 15 nirem dose limit should be added to the graph. 

As previousljr noted, we will also slio\v the 15 mreni calculation. 

Page 9 - 3 ,  Figure 9 - 2 
RAC should consider adding the distributioil for the offsite rancher scenario without the 
effects of fire to this figure. 

Instead: we are incorporating tlie lire ~~rnbabilisticall~~ into a11 scenarios. 

Page 4- 10, 4th paragraph. last sentence: 
It appears that a typograpliical error was riiade i n  tlie mass loading factor for the fire case 
(200 1 35 q g  m-’> is 7 E IO’ q g  ni--’. not 7 E IO--‘ q g  We suggest simply stating 
this value as 7000 q g  for ease of coniparison to tlie TSP baseline value of 3 3  4 g  111‘~. 

This was a typographical error. We tliank the reviewer for pointing this out. 

L e R o  Moore 

I n  general, the Draft Report for Task 5 is a tliornugli. well-dolie culmiiiation of the work o f a  
year, but I do have questions. Most of  m y  cniiiments are about details, a few raise more 
substantive issues. , \ I 1  coiiinients are presented according to specific pages of tlie draft 
report. . 
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1 .  p. iii, line 7 of second para: Shouldn't words "should be considered" be changed to "is 
required"? On line 8, shouldn't "predicted" be changed to "specified"? I f  not, please explain. 

We used the phrase "should be considered" to reflect the many decision-making processes 
that go into selecting a soil action level. Just because we calculate some value does not 
necessarily mean that that value dictates the cleanup standard. As we- point out in  the Task 5 
report, many aspects of decision-making are involved. We present our calculation as an example. 

The word "predicted" is used to indicate that we predict a concentration in soil that would be 
protective by means of our calculational tools. By our definition, a concentration in  soil higher 
than the soil action level we "predict" by means of our calculations would result in a dose above 
the designated limit. 

2. p. v, first sentence after table should read 10 pCi g-' "of soil." 

We will adapt the sentence to more clearly state the appropriate meaning. 

3. p. vii, give a section number and page number for References. 

We will make this change. 

4. p. 1 - 1 ,  third para, line 6: Shouldn't "should be considered" be changed to "is required"'! Line 
7: Shouldn't "predicted" be changed to "specified"? (see note on p. i i i  above) 

We used the phrase "should be considered" to reflect the inany decision-making processes 
that go into selecting a soil action level. Just because we calculate some value does not 
necessarily mean that that value dictates the cleanup standard. As we point out in  the 'Task 5 
report, many aspects of decision-making are involved. 

The word "predicted" is used to indicate that we predict a concentration in soil that would be 
protective by means of our calculational tools. By our definition, a concentration it1 soil higher 
than the soil action level we "predict" by means of our calculations would result in a dose above 

= -  

5 .  p. 4-2, second and third para: Check the dates in  the several references to Krey and Krc) et 
al, esp. the 1974 date which does not appear in the references. 

We could not locate the error to which the reviewer refers. The references i n  the reference 
list are Krey 1974, Krey and Hardy 1970, Krey et al. 1976, and k e y  et al. 1977 i n  tliat order. 
This is the appropriate order for the reference list. They are called out accurately i n  the test. 

6 .  p. 4-3, text immediately following the table: Nothing corresponding to the "coniIwter 
archive" appears in references either under CDPHE or Litaor. 

This archive consists of the data given by Litaor to the CDPI-tE i n  electronic form. Wc will 
insert some sort of reference in the reference list to define this data set, or possibly the dara will 
be cited in  a footnote. 
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7. p. 4-5, four lines froin bottom: Define "powcr functions." 

Wc will include thc definition of power fiinctions that we used i i i  the Task 3 report. 

8.  p. 4-8, second para, second from last line: Spell "exercise." 

lhanks to the reviewer for noting this error. 

9. p. 4-10, second para, line 4: Explain "TSP" or at least list it in the references; it appears in 
references to an appendix on p. C-25 but not in references to this portion of the text. 

TSP stands for total suspended particulate. We will note this i n  the report. 

I O .  p. 4-1 1 ,  first line: Spell "Tlie." 

Thanks to tlie reviewer for noting this error. 

1 I .  p. 5-13, lines 2-5: The assertions regarding air monitoring efficiency at Rocky Flats are 
questionable. W. Gale Biggs has repeatedly criticized the location of monitors as well as 
their efficiency in capturing particles of some sizes, including particles most susceptible to 
resuspensioii. Harvey Nichols, who has made similar criticisms, also indicts the type of 
monitors used at Rocky Flats; he advocates nioiiitors that move into the wind and that can 
vary intake flcxv according to wind speed. It  seeins to me that RAC should either recalculate 
tlie monitoring efficiency or state explicitly that tlie calculation it makes ignores certain 
criticisms regarding the validity of air Inonitoring at Rocky Flats and is based on the 
sampling nietliods historically employed at the facility 

As ii part o r  the Historical Dose Reconstruction at Rocky Flats, an extensive study on the 
monitoring and particle collection capabilities of the Rocky Flats high volume particulate 
monitors was carried out. This study. referenced as Rope et al. 1999, carefully looked into all 
aspects of the historical Rocky Flats air monitors and accounted for their inadequacies. These 
inadequacies have beeti taken into account in  this work as well. 

12. p. 5-14, line I of test for Figure 5-5 :  Should tlie reference be Rope et a1 (l997)? 

The reviewer is correct that tlie references do not match from the report call outs to the 
reference list. We will insure that the niost rcceiit version of the Rope et at. report is referenced 
and called out throughout the report (tlie one from 1999). 

13. p. 7-2, item 7.1.1: Would it help to add the phrase. "the potential maximally exposed 
i nd i v idua I"? 

T h e  phrase recnmniended by the reviewer is one that is commonly used in regulatory 
guidance. and, for that reason, we choosc to avoid using it here so as not to mislead tlie reader. 
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14. p. 7-5, item 7.2.4: The reader should be referred to Appendix E. 

We already refer the reader to Appendix E in the section. 

15. p. 7-5, item 7.2.7: Tlie criterion, "At what soil action level would you be willing to move 
into the area and live on the property that has been remediated?," is certainly admirable. But  
it is not the same thing as "public acceptance," as is implied in  the heading of this section. 
Members of the public may accept an RSAL of 10 pCi/g of soil for Pu without being willing 
to move onto the site. In June 1995 the broadly representative Rocky Flats Future Site Use 
Working Group produced a consensus recommendation that Rocky Flats should be cleaned 
to average background radiation levels when it becomes fiscally and technologically feasible 
to accomplish this in an environmentally sensitive manner (the Citizens Advisory Board 
subsequently adopted this same recommendation). An RSAL for Pu of 10 pCi/g is still 250 
times the 0.04 pCi/g average background level often cited for Pu in  soil along the Front 
Range in Colorado (the RSALs adopted i n  1996 assumed an average background number for 
Pu of 0.038 pCi/g). From the perspective of the above-mentioned recommendations, any 
RSAL adopted for Rocky Flats must be seen as an interim standard that needs to be 
accompanied by a pledge of ongoing research in  reniediation to move the Rocky Flats site 
closer to the long-term goal of cleanup to average background level. 

Many of these considerations are ones that we cannot deal witti i n  our analysis. We ivil l  
consider making the heading more consistent with the text, however. 

16. p. 8-3, line 2: Shouldn't the number be I429 rather than I432? 

We thank the reviewer for noting this error. 

17. p. 8-3, third para: The text states that "our RSAl-s iiiclude the surn-of-ratios calculation 
whereas the DOE/EPA/CDPHE RSAl,s do not." Why not use their suni-of-ratios numbers -- 
that is, 65 1 rather than 1429, and I 15 rather than 252:) They do provide these nurnbers 

- -  -- - e _ -  

The statement i n  the draft i s  wrong. The RSALs calculated by DOE/EPA/CDPHE-( 1 9 9 6 ) ~ n -  _ _  - 

their Table 5-2 were calculated by sum-ot-ratios as an example. A s  explained above, for several 
reasons these numbers are not comparablc to our calculation, ant1 when the fire is included in all 
scenarios, the difference will likely be greater. 

18. p. 8-5, iteni 8. I. 1.7: Isn't it the case that the open space scenario was riot used by DOE et a1 
i n  adopting RSALs in  I996'? l'liat is, this was not for them a "limiting scenario." Shouldn't 
this be stated somewhere i n  the discussion of this sccnario? Perhaps the best place is in tlie 
conclusion, but i t  might also be wcll to state i t  at tlie begiiining Also, is this paragraph 
misnumbered? Should it  be 8. I.2.3? 

Tlie paragraph was misnurnbered. We appreciate the revicwer noting this error As to 
whether this was a limiting scenario f'or IlOE/EPA/CDl'f-IE, we simply rcanalyzed it as required 
for this project. We have not made statenients as to tlic interpretation of 11ie scenarios i n  the 
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previous DOE/EPA/CDPHE document in any of the other sections; we merely present the 
DOE/EPA/CDPHE results i n  each section as they appeared in the previous report and accompany 
them with our new calculations. 

19. p. 8-7, item 8. I .3. I : Again, DOE et a1 did not use the 85 mrem dose for the office worker as 
a limiting scenario, so it seems as ifRAC misrepresents their work in  including the 6200 pCi 
n iim be r. 

Again, we merely present the numbers calculated and reported in DOE/EPA/CDPHE 1996. 
We do not make statements as to their interpretation in that document. 

20. p. 8-10, final line: Why not delete "about" and say "the RSAL for 239Pu, rounded to the 
nearest factor of five, is 10 pCi/g." 

At this point, we are not rounding the values to the nearest IO,  we are merely identifying the 
calculated 5-10% RSAL values. We will leave the text as it stands. 

21. p. 8-13, final line: See preceding suggestion. Ditto for p. 8-17, final line; p. 8-25, final line; 
p. 8-28, final line 

At this point i n  the text, we are not rounding the values to the nearest IO,  we are merely 
identifying the calculated 5 1 0 %  RSAL values. We will leave the text as it stands. 

22. p. B-3, para 1, line 5: Insert "by" aftcr "measured." 

We thank the reviewer for noting this error. 

23. p. B-2, para 2, line 3: change "its" to "it's" or "it is." 

We will make this change. 

23. p. C-20, final line of first full  para: Can the data provided be translated i n  pCi/g, perhaps in a 
footnore, since this apperidix is a reprint from another text? 

On page 4-4 i n  the text, we provide the conversion from bequerel per kilogram to picocurie 
per gram. When an unrecognizeable uni t  appears for the first time in the text, we chose to provide 
the conversion at that location and have that footnote carry throughout the text. This prevents an 
abundance of conversions appearing as footnotes throughout the text. 

25. End of Appendix C: Either at the beginning or end of this appendix it would be helpful to 
include a very brief statement relating this information directly to the task of calculating the 
RSALs. See my second note re. p. 7-5 above. 
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We provide the information about plutonium background in tlie vicinity of Rocky Flats as a 
source of information only. We do not intend to make judgements about tlie state of cleanup at 
Rocky Flats based on this information, 

26. p. D-2, fourth from last line: add "Pu" after "for." 

We thank the reviewer for noting this error. 

27. p. E-I,  second line after first formula: Isn't it a mistake to say that CERCLA allows a 
lifetime risk of 3 X IO-'? Doesn't CERCLA say a lifetime risk should be 1 X IO4? 
Furthermore, doesn't CERCLA state that the acceptable range for permissible exposure lies 
between 10-4 and 10-6, so that I .6 or  3 X 10-4 falls outside the range of acceptable exposure 
according to C ERC LA? 

We agree there is confusion about exactly what risks are c'allowed". Statements are made 
that it is undesirable for lifetime risks to exceed tlie range to IO-', but 15 mrem/y is an 
allowed limit that corresponds to a higher lifetime risk, namely 3 x IO-', as stated by OSWER - 
Directive No. 9200-4- IS. We think one problem is that rigid limits on risk, with risk methodology 
still so uncertain, are probably not as feasible as operational limits on dose like 15 mrem/y to 
provide good radiation protection. 

28. p. E- I .  secoiid from last line of test: 1 previously questioned using the number 20 as the RBE 
for Pu.  RAC' sliould at least state that this numbcr is recommended by certain cited ICRP 
p ti bl ica t ioiis. 

Citations to the appropriate publications will be inserted in the test. 

29 p L-2, first t i i l l  para I do not understand this paragraph. Why should a 15 mrem/year dose 
from 1'11 delivered to spccific internal organs be less harmful than a similar dose from 
another material delivered to tlie whole body" I realize the RBE has already been taken into 

- ~- , account, but Sgmet re is needed to help me understand the logic here. Perhaps Helen 
Grogan can \\rite 
confused atid i n  niy confusion am inclined to question the principal assertion of this 
paragrapli It  sceiiis to sa) tlint a I5 mrein/year dose from Pu is only one-third as liarinful as 
a lihe dose from, s a ) ,  t r i t i um Can this be true? 

- _  

I I  eTplain the-text- as it stands. I- certainly am = 

~- I lie evidence does suggest that the risk from a given dose of plutonium is not the same as 
the risk from tlie smile dose froin LI radionuclide that emits low-LET radiation and is uniformly 
distributed throughout the body. The difference arises from a combination of factors including, 
tlie non-uniform distribution of plutonium-239 within specific organs and tissues, and throughout 
tlie body, and the dilfcring radiosensitivity of tissues and organs. The test will be revised to help 
explain the situation iiiore carefully aiid i n  more detail. 
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Joel Selbin 

1 .  p 1 - 1 ,  3rd para "...considered ..... higher ..." 

We thank the reviewer for noting this error. 

2. p 1-2, 3rd para 
calculated RSALs? 

"...has 4 orders of magnitude of uncertainty" How does this inipact 

The impact of the prairie fire on the RSALs is shown in Section 8 of the Task 5 report. Each 
of the rancher scenarios is calculated both including and excluding the impact of the fire. The 
uncertainty percentiles on the resuspension factor calculated for unvegetated soil conditions are 
included in the fire calculations. 

3. p 1-2, last sentence on page reads poorly. maybe change to (top 1-3): "...to radionuclides 
which now reside in the soil ..." 

We do not agree that the sentence reads poorly. If  the suggested alternative were used, it 
probably should read "to radionuclides that now reside in the soil . . ." 

4. p 1-3, 3rd para, might be worth (if it were done) to put in how the 2 changes (above) affected 
the 1429 pCi/g value specifically. 

It seems premature at this point in  the report to begin talking about specific effects on a 
single number when much more methodology is yet to be laid out. 

5 .  top p 1-4, "...but alternatives might also be possible" This allows imaginations to run wild 
and doubters to have a way out and criticize with impunity. 

It is true, however, that alternative methodologies for calculating soil actioii levels are 
possible, and we would be remiss if we did not state that. 

6.  p 3- I ,  3rd line, remove ed from presented 

This was a transcription error and will be corrected. 

7. top p 3-2, remove word 'Ithat" 

This sentence was garbled in editing and will be corrected. 

8. p 4- I O ,  4th para, The calculation appears wrong (e.g., 200 x 35 = 7 s I Oesp3, ;lot esp-3) and 
"with and without the fire" numbers seem reversed. or esplain why not. 

Many other adept reviewers noted this same error. We are grateful to all the reviewers for 
bringing this to our attention. 



Responses to Comments 55 
Task 5: Independent Calculation 

9. p 5-1, 3rd para, " i f  the contaminated airborne particles are assumed ..." 
assumption and does it have a citable basis? 

Is this a good 

The point of this and the next scntence is that it is generally not a good assumption. 
RESRAD first calculates the airborne concentration of radioactivity using this assumption and 
then corrects the result with the area factor. 

10. p 7-2, 3rd line, remove "of these" 

We could not identify the phrase to which the reviewer referred. 

1 I .  7. I .2, last line means that all RSALs between 1 and 94 (or 95), go to ONE significant figure, 
not TWO. Thus if 20 is meant to express two significant figures then it should be written 20., 
Le., with a decimal point. I O  is one sig fig, whereas 10. is two sig figs. 

We will change the text to better convey our meaning, but we do intend that values be 
rounded to the nearest ten, and when larger than 100, only two significant figures be used. 

12. 7 .13 ,  1st sentcnce, "...one must select ..." 4th line: "...and scientific interests as well as ones 
values" 

We will change the test to reflect the spirit of these changes. 

13. 9-2, I st para: see my commcnt on 7.1.2 above. 

We will make sure that our intent is reflected in the statement we make about the example of 
how to determine an RSAL. 

Carol Lyons 

- _ =  = - - 1 . -  The priLnarq - _ -  and most important finding of the draft report should be reported and 
alculation o f  Soil Action-Levels (SALS) produced numbers 

fully consistent with previous calculations and the numbers currently being used by DOE - 
RFFO. 

emphasized: The in& - _  -- 

We do not believe this coninient is an accurate statement. As we indicated in the draft report, 
the DOE scenarios were not analyzed with the fire scenario as will be done for the final report. 
When this is taken into account, the results will change significantly. Furthermore, and as 
indicated at the December 9 meeting, the two approaches arc not consistent and should not be 
"coinpared." Our methodology does not use the KESKAD resuspension model, and the dose 
conversion factors have been changed to reflect data that are more current. Differences between 
the two methoclologics \ \ i l l  be niuch more apparent in the final report. 

2. The drafi report apparently fails to include analysis for soil resuspension after a fire for the 
DOE scenarios. These are the federally-mandated and most likely future use scenarios. This 
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gap (if true) could lead to serious questions about the technical credibility of the overall 
work. Those calculations need to be completed and reported for all scenarios. 

We plan to incorporate fire calculations i n  all of the scenarios for the final report. 

3. Sections 8.1 and 8.2 of the report need to be expanded significantly to include a full 
discussion of each of the DOE scenarios. 

Scenario discussions were contained in the Task 3 report. We included in the Task 5 report a 
discussion of the results that are presented for each DOE scenario. The same discussion is 
included for each of the RAC scenarios. The addition of the fire calculation to each scenario will 
make the discussion sections following the presentation of results for each scenario similar. When 
the final report is completed, all of tlie task reports will be included as attachments, and then a 
complete discussion of all aspects of the project will be located i n  one place. 

4. It appears that the analysis of soil resuspension after a fire is not based on local conditions. 
After any fire at Rocky Flats, the ground is revegetated within a few weeks. If, in fact, local 
conditions of rapid revegetation were not used i n  the analysis, the calculations need to be 
redone for local conditions. 

Other reviewers have raised the qucstion of tlie time required for revegetation after a fire. 
We have parameterized the fire model to simulate random recovery timcs that vary from a few 
weeks to a year. Other niitigating factors (such as burn size and distance of the scenario suhjects 
from the burn location) are considered in a simple way. Siniulations will treat the occurrence and 
time of the fire (within the 1000-year temporal scope) according to an annual probability 
estimated from regional fire statistics. Furthcr research. which canriot be accoinplislied within this 
project, might improve this approach. Oiie reviewer has suggested consideration of droughts that 
might be anticipated within the coming millennium. 

5 .  The numerical results should be presented clearly and coiiipreliensivel~/ (as i n  Table GS- I). 
Numerical results for all scenarios. particularly tlie DOE sceiiarios, sliould be presented and 
explained clearly and comprehensively. 

We will review o u r  summary sections 011  the scenarios to ensure that there is a complete and 
accurate discussion, but we have included a detailed descriptioii in  the case of all results, 
including a table which outlines the breakdown of dose by pathway (we will add a table like this 
to scenario DOE-3 and scenario R4C-4). 

I 

All comments regarding selection of future land use or selection of one scenario over any 
other should be deleted. Specifically. delete: 
The last 2 paragraphs of General Summary 
Page 7- 1, bullets I ,  4, 6, 8, 9. I O ,  I4 and all discussion related to these topics (e.g., paragraph 
7. I .  I ,  7.1.4, etc.). They are not within tlie scope of this contract. 
Page 7-1, first paragraph after tlie bullet list 
Paragraph 8.1.3.2 



Responses to Coniments 
Task 5 :  IndeDendent Calculation 

57 

Paragraph 8.1.4.2 needs to be deleted or rewritten. Same for 8. I .5.2, 8.1.6. I ,  8. I .6.2, 8.1.7. I ,  
8:1.7.2, 8.2.2.2, etc. (for uranium) 
Chapter 9 needs to be rewritten to present the numerical results for all scenarios. 
Chapter I O  should be revised accordingly. 

The example of how to develop an RSAL is provided i n  the text only as an example. We 
have carefully attached clauses in  this report to describe issues we did not consider that certainly 
must be considered before selecting a final RSAL. We recognize that our example will not 
translate into the final RSAL value, nor is that our intent. There is a great deal of thought and 
consideration that needs to go into evaluating these results or additional results that might be the 
outcome of future research. The numerical results will be presented in full within the context of 
the report. 

6. It should be made clear in the report that the actual area of soil contamination at Rocky Flats 
is small compared to the total size of the site. In the current report, one gets the impression 
that all 6,000+ acres are contaminated. A clear picture of the limited extent of contamination 
after cleanup should be presented. 

The [naps included i n  section 4 give the reader an accurate perspective on how broadly the 
contamination resulting from Rocky Flats is spread. Comments on the extent of the contamination 
after cleanup would be speculative. That depends entirely on what sorts of decisions are made. 
We can provide approximate areas of regions wihin some of the contours shown i n  Figure 4-4. 
These numbers might be helpful to readers in putting the relative levels of contaniination into 
perspective. 

7. All presentations and discussions by the consultant (and accompanying hand-out material) 
on this task should present only the full chart of calculated numbers (as in Table GS-I, after 
all the new calculation results are added). Any discussion of a given scenario should be 
completed and presented similarly for all scenarios. As in the report, all comments regarding 
selection of future land use or selection of one scenario over any other should be deleted. 

- _ _  - 
- - -  

Our scenario presentation is quite unifonn throughout the- report We present a single. - - -  
example of how the panel might go about selecting a final RSAL, using only a small fraction of 
the considerations we believe to be important. 

DOE Comments 

I .  I n  Section 4.2, please explain why RAC feels that it is appropriate to use the RESRAD mass 
loading routine for uranium but not for plutonium. It is not understood why the areal extent 
of contamination should change the air dispersion models being used. 

Tlic variation in  concentration of the contamination is the reason to develop a dif‘lerent 
suspension model for plutonium. RESRAD is intended to handle conccntration variatioiis u p  to a 
factor of 3 .  The plutoniunl contamination at Rocky Flats varies over a f‘actor of several orders of 
magnitude across the cstent of the contamination. Uranium contamination at Rocky Flats, on the 
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other hand, is mostly isolated in "hot spots" where the contamination is confined to a relatively 
small area. The latter is a source configuration that is well within tlie design scope of RESRAD. 

3,. I n  Section 4.2.1, Why is Total Suspended Particulate (TSP) being used instead of PM-IO 
(Particulate Matter < I O  microns) values? 

The TSP value was used for coiiservatisni. In the final calculations, the PM-IO value, which 
based on the analysis in Hodgin (I 998), is 30 to 40% of the TSP concentration will be used. This 
value will be treated stochastically. 

Reference : 
Hodgin, C.R. 1998. An Analysis of Colorado Department of Public Health and Environnrent 

Air Monitoring Dam for  Particulares and Pltrtonium at the Rocky Fluts Environmental 
Technology Site. AlphaTRAC, Inc. Westminster, Colorado. Repor? prepared for the Colorado 
Department of Public Health and Environment. February 3.  

3 .  Section 5. I ,  There have been a number of wind tunnel studies performed at the Rocky Flats 
Environmental Technology Site (RFETS) by Langer in the 1980s and at Operable Unit  #3 in 
the 1990s. These studies used site specific analyses to assess resuspension. Why was the 
resuspension factor of "Anspaugh et al. 1975" used over these site specific resuspension 
studies? Please explain. 

These site speci tic studies of resuspension at Rocky Flats provide resuspension factors to be 
used for estimates of air concenlration due to resuspension. Anspaugh et al. (1995) report thc 
widely used suspensioti niodel of Gillette and Shinii that we cite on page 5-3 of the report. It is 
this model that we arc using to represent resuspension fluxes. For existing ground cover, tlie 
model was calibrated by regressioii with data from air samplers on the site during 1992-1994. 
Anspaugh et al. ( 1975) also provided resuspension estiinates at other locations with different 
ground cover. This was helpfirl i n  our assessment of bare soil resuspension, for which site 
specific studies have not been done at Rocky Flats. 

4. Section 5.2. I .  Please explain why a gaussian plume niodel is being used for a point source 
instead of an area source model. Surface soil concentrations of radionuclides are found over 
a large area. Why would a point source model be used for a large area source? 

An area source model is derived by integrating a point source model over the desired source 
area. The contaminated region is partitioned into a large nuniber of differential area elements. The 
integration (as is explained i n  considerable detail i n  Section 5.2. I ) multiplies each differential 
element of area (treated as a point) by a factor that accounts for radionuclide concentration, soil 
flus due to resuspeiision. and transport from the source location to the receptor. The integration 
represents a suiiimatiou over 2111 differential area elements that contribute to the air concentration 
at the receptor. Moreover, this is done for each wind speed. wind direction, and atmospheric 
stability, wcishted by the joint relative frequency of observations on these variables, and 
su i n  med. 
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e -  
5 .  Section 5.3, This section states that there will be increased air resuspension after a fire. 

Please elaborate on the assumptions regarding the impact of a fire. Does RAC assume that 
the soil will be bare for an entire year after a fire? Does RAC assume that there will be any 
vegetation left after the fire, such as root structures? 

RAC did assunie for the draft that the ground will be bare for one year. Since the 
resuspension estimate is based on empirical data, assumptions about surviving root structures are 
not part of the model. The fire model is being extended for the final report and will simulate 
occurrence at different times during the 1 000-year period (or no occurrence), different burn areas, 
recovery times from a few weeks to one year, and other mitigation such as distance of scenario 
subjects from the burn location. The fire occurrence will be treated probabilistically as part of 
every scenario. 

6 .  Section 5.3, Did RAC consider how the assumptions about a brush fire could impact other 
aspects of the resident rancher scenario. For example, if RAC assumes the fire will 
completely remove vegetation for some period of time, this has potential implications for the 
viability of ranching during that time period, which in turn impacts consuming home grown 
food, number of hours per year the rancher is on site, etc. Did RAC examine these secondary 
effects of  a fire on the resident rancher scenario? 

We did not consider the effects that a fire might have had oil the scenario. Wc asstme that 
the rancher and family return to the site and act as before. By reviewing the tables of breakdown 
of dose by pathway, it  is easy to see that inhalation after a fire contributes the majority of the 
dose, and even if the farmer is ablc to maintain home growii food consumption, that will iiiipact 
the dose minimally (-7%). So even if the rancher did not consume Iionic grown food during that 
period, inhalation would provide the majority of the dose If  tile raiicher left the site, his dose 
would decrease, but we did not consider that i n  the fire evaluation. The point is to ash n h a t  the 
effect would be i f  someone were there. 

7. SeCtiOil 5.3, Please reference how it was estimatcd that qC)% of Pu-239 activity is associated 

The lognormal distribution with respect to particle inass \vas assumed to have G M  = 6 pin 
and GSD = 5 (this assumption came from geiieric assuniptions suggested by NCRP Keport No .  
129, indicated elsewhere in the report). Plutonium activity was assumed to be uniformly 
distributed on the particle surfaces. For the distribution with respect to surface area, GM = 0.450 

pin with the same GSD. The conversion is based on the equation 5:. = 5, esp(y 111’ D , ~  ) .  where 

the subscript y values refer to particle count (y = I), distribution with respect to surface area (y = 

2), and distribution with respect to volume or mass (y = 3). I), is the geometric mean, and os is 

the geometric standard deviation. A reference for the equation and discussion of p’articlc size 
distributions is J .H.  Seinfeld, Afnwspheric Chcn/islr)! r r r i d  Pliysics o/‘.4ir Pollii~ioii, Wiley, 1986. 

Using the equation, we can write D, = o3 exp(-3 I n ’  5 )  and then 

- 

E, = esp(-3 In’ j)exp(2 In‘ 5 )  = 6exp(- In’ 5)  = 0.450 p i .  
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The 98.5 percentile of the standard norinal distribution is 7.17. Thus the 98311 percentile of tlie 
lognormal activity distribution is 0.450 x 5'.17 = 14.8 p i .  

8. Section 6, Figure 6- I ,  Please explain i n  this section the software quality control procedures 
used to assure that tlie PERL scripts were written correctly and performed as they were 
intended. Please explain tlie procedures used to verify and validate tlie RAC developed 
software. 

Since this methodology is still i n  research stages, a formal QA procedure has not been 
completed. We have done considerable amounts of debugging, and we did do some comparisons 
between RESRAD in its original versioii and RESRAD with the PERL script attached, and the 
results showed good agreement. Our goal was to provide the panel and tlie agencies with a 
demonstration of an approach that would provide an enhanced methodology. We have performed 
extensive calculations with the script and its variatioiis and are convinced that it is giving reliable 
results, but inore formal testing would be required to release this script for production purposes. 
We would prefer that others attempting similar calculations modify the scripts to their own 
requirements. The setup, as tlie comments warn, is fragile and requires some care to implement 
on different Windows and U n i s  systems. 

9. Section 6 ,  Page 6-5, It is stated that. "The Monte Carlo siinulations shown i n  Figure 6-1 
produced a file of soil action levcls for tlie plutonium, americium and neptunium species of 
interest." Please include these radioiiuclide soil action level distributions in tlie report so a 
direct comparison can be made \\it11 thc current radionuclide soil action levels. 

l h e  file runs to thousands of nuinhers for each scenario and variant thereof and does not 
belong in the report. We can th ink  of no Iielpful \\lay to eshibit this information. 

I O .  Section 6. Page 6-5. I t  is not readily apparent lion. tlie distribution of RSALs was compared 
with soil coiicentratioiis to develop a prohabilit!. of exceeding the dose limit curve. Please 
work through an esaniple in  tlie text. Also. please explain how this methodology compares 
with the "Sum-of-Ratios" metliodologj~ currently used to assess tlie radionuclide soil action 
levels at a site. 

It is the same sum-of-ratios niethod. \\'it11 uncertainty in the individual RSALs aiid (possibly) 
in  tlie corresponding soil concentrations 

1 I. Section 8, Please include ;I copy of [lie coinputer software aiid documentation that RAC 
developed so that al l  the KSAL distributions can be evaluated. 

At  tlie conclusion of'the project. \ve will tiirii over an electronic copy of the software created 
for this project to the panel. 

12. Section 8. Please recoiiiiiieiid ;I iiiethodolog\., for  assessing a site when plutonium, 
airiericiuni and uriiiiiiiiii contaiiiiriatiori are present in ratios different than \vhat RAC has 
assessed. 
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The method is essentially generic and could be applied to any spatial distribution of 
radionuclides with concentration ratios that do not vary much from one location to another. If 
such a pattern does not exist, one cannot key the results to a single radionuclide combination such 
as ?39+?40 Pu, and the work and presentation of results become much more complicated. 

13. Section 8, In a number of places. RAC has used tlie single radionuclide soil action level 
currently being used at RFETS as a basis for comparison with the RAC derived soil action 
level. Please compare the RAC derived soil action level with the RFETS radionuclide soil 
act ion leve I using the "Sum -0 f- Rat ios " in et11 od . 

The RA C ca Icu I at i o ns and the DO E/E P A/C D P H E cal c u 1 at ions are fund am en tal I y d i ffe reii t 
because of the inclusion of the stochastic methodology in the RAC calculations, tlie change in 
dose conversion factors, and tlie resuspension model. We will not be including any comparisons 
of the values i n  the final version of the report. 

14. Section 8.2.2, Please include a discussion of the resident rancher that includes I )  When the 
resident rancher would be expected at RFETS, 2)  l h e  extent of the resident rancher's 
property and what is tlie surrounding land use, and 3) What type of ranch is expected (i.e., 
what crops and animals would be expected at the property). 

The discussion of the rancher scenario was iricluded in Task 3, and we intend to combine 
these reports i i i  the f inal  project report. The rancher is expected to be at the site full-time. We 
allow tlie ranch to be I O '  in', occupying most of the site including and eastward from the 903 
Area. As constrained by tlie RESRAD definitions, the rancher grows two categories of crops: 
leafy vegetables and nun-leafy vegetables. Cows (dairy and range) are assumed to be at the 
property for subsistence purposes. 

15. Section 8.2.2, With the drinking water turned on, is tlie resident rancher drawing water from 
the shallow ground water (Water present at < 50 ft depth) or from deep ground water (Water 

- present from > 3OO.ft deptli). ~ -~ 

- 
- .  - _  - -- - _ ~ .  . = -  - - _  - _  ~. - ~- ~ 

Water I S  assuined to be drawn froin tlie shallow aquifer underlying the site. This is discussed 
it1 tlie Task 3 report on page 46. Water pathway sources were disniissed i n  the i n  the 
DOE/EPA/CDPHE calculation. We agreed with their assessment of the surface water pathway, 
but disagreed with regard to the groundwater pathway. We argued that a well that produces 2 gal 
inin-' wouId be adequate to provide drinking water and perhaps water a few head of cattle under 
subsistence conditioiis. In the Task 7 report, we provide ail overview of the groundwater and 
surface water traiisport. We helieve it is unlikely that coiltamination will migrate to the deep 
aquifers underlying the site because of the hydrologic characteristics of the geologic media. 
Therefore, tlie only potential pathway of exposure is the shallow aquifer. Evaluating this pathway 
also provides a bounding estimate for any migration of contamination froin groundwater to 
surface water. 

We would also like to point 0111 that tlie DOE/EPA/CDPHE assessiiient for the resident used 
an irrigatioii rate of I .O i d ) . .  We do not know if that was their intention, but turning the irrigation 
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on has the net effect of depleting the surface soil concentration substantially, thereby lowering the 
surface exposure pathway. 

16. In the public meeting on 11/1 1/99, it was stated that the appropriate soil ingestion rate for a 
child is 75 grams/year in an open space scenario. Please explain this statement in greater 
detai I .  

We are using the soil ingestion rate of 75 grams per year to describe the soil ingestion for a 
child of a rancher. We apologize for any misinterpretation of this point. 

17. There appears to be some inconsistency in  [citing] tlie surface soils action levels as 
referenced in the “Action Levels for Radionuclides in soils” 1996 document you site. For 
Scenario DOE-I, residential you [cite a] Pu 239 value of 1432 pCi/g, which is for Pu 240. 
The correct value should be Pu 1429. For Scenario DOE-2, Open space, the correct value 
for Pu 239 is 9906 pCi/g, not 10580. Please check your values and if you do not agree, 
please explain the differences. I t  would also be of great benefit to list your values as either 
sum-of-ratios numbers or only Pu 239. Mixing the reported values causes confusion. 

We apologize for the incorrect references. We do not plan to make any comparisons of  the 
DOE/EPA/CDPtfE values to tlie RAC \,slues in the final report, as the calculations are 
fundanientally different and any comparisons thereof are generally uninformative. The 
differences between the niethodologies are I ) different dose conversion factors, 2) different 
resuspension model, 3 )  RAC has employed a stochastic rnethodolog~.. and 4)  the &IC calculation 
reveals a stronger dose dependence on the ingestion pathway. 

18. Please expand your discussion of the oft-site resident rancher action level of30  pCi/g. From 
tlie information presented i n  section 9. I it is  unclear how you came to that value. 

We will be certain that the calculation is more readily understandable i i i  the test. 

Victor Holm 

1 .  I continue to be impressed aiid satisfied with the work you have doiir. I believe in the end 
we will have a much improved tool with \vhich to work. 

Thank you for this comment. 

2. 1 have used Monte Carlo simulatioii several times to assist i n  inaking large financial 
decisions. I have also been told that i t  is very important that tlie input data not be biased. If 
the distributions are skewed the entire process is defeated. The output distribution is not a 
simulation of reality rather it is a subjective representation of tlie biases of the researchers. 
To then make the statement that the 0.1 probabilit~. line represents ;I 10% chance of the I5 
mrem dose being exceeded is neither matheiiiaticall~~ nor actuall~, correct. 1 objected 
strongly, early in  the study, that the scenarios \vere being biased. I \vas assured by R4C that 
even though they did not believe distributioiis for the beliavioral variables should be 
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introduced into the study; the environmental variables would be included and they would riot 
be biased. I was therefore surprised to find in the Task 5 report that safety factors had been 
placed on nearly all these variables. A few of the instances of this biasing 

The breathing rate was set at the 95 percentile 
The rancher never leaves the contaminated zone ( I  00 percentile) 
The inside of the ranch house has the same dust level as outside (100 percentile). 
We may discuss whether the correct value is 0.4 or 0.7; but, we know for certain it 
is not 1.0. This is exactly the type of problem for whicli Monte Carlo was 
developed, why not use it. 
The fire destroys all vegetation for one entire year (Low probability). 
No reduction in dust levels during the year due to removal of fines leaving a 
protective layer of larger particles on the surface (low probability). Most studies 
indicate that bare soil does not produce a steady state flux for a full year. 
As described on P. 5- I 1 you arbitrarily increase the variance of the estimated flux 
without support from the data (Safety factor of 2.5). 
Choosing the highest value from Anspaugli (1975). The Nevada Test Site is not 
equivalent to Rocky Flats. The alkaline lake beds at the NTS produce much higher 
fluxes than the well graded soils at Rocky Flats. 
Although the dose limit is defined as a yearly dose the risk is based on a lifetime 
exposure. If the soil action level is set at 10 pCi/g, i n  a year without a fire the 
rancher would only receive about I .5 mrem, only i n  the fire year would lie receive 
15 mrem. I ani not suggesting that a lifetime exposure dose be used. but simply 
point out that this results in additional conservatism. 

The joint probability distribution for all these inputs is iiot a distribution of lihcly doses 
the rancher would receive; but  rather, a skewed distribution that already has ;I very small 
probability exceeding the dose limit. ‘1’0 tlicii suggest that the 90% or 95% probability be 
used represents worst case or a bounding estimate. While this certainly an interesting 
number to know it not a soil action IeLel. A soil action is a compromise between public 
heath risks and health risks to the workers. the environmental costs, and moiietary costs. A 
worst case or bounding estimate seldom iiieets these goals. 

First, the reviewer’s usage of the term “skewed” i n  reference to distributions does not quite 
conform to statisticixis’ -parlance.- Distributions ~sucli =as- the_ logn I,  . .- are . skewed, and this 
merely refers to their asymmetry, and not to something inherently 
speak of “skewed data” or ”skewed results” to indicate the introduction of bins, and we assume 
his meaning is analogous. 

From some reading between the lines, we believe this ob-jection generally refers to RilC’s 
separation of scenarios from the environmental models and parameters that w e  use to estimate 
levels of radioactivity in relevant expostire media. Our position is sumniarized in  the following 
paragraphs. 

The environmental models and parameters represent sometliing that we do not coiitrol. 
Mostly, this something is tlie natural environment (or a very restricted part of it), but it can also 
include anthropogenic processes such iis a source term (sometimes we miglit wish to consider the 
source term as part of a scenario; this is a area). The models represent this ell\ I i ronment as a 
system of state variables, including those that stand for concentrations of radi6iiuclides i n  soil, 
air, and so on. We attempt to estimate tlie past or predict tlie future oftliis syst.em, aiitl to quantify 

~~ ~~ 

~ 
~ 

. . ~ . =  ~ . i =.= ~ ~ = ~~ 
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uncertainties about those estimates or predictions (generally we say “predict” in either case). Tlie 
representations of uncertainty are themselves models, and their application includes subjectivity. 

Tlie scenarios for radiation protection, on the other hand, are under our explicit control. They 
are hypotheses that we set, not real people. They provide a means of constructing criteria for 
interpreting the predicted (or measured) radionuclide levels in environmental media. Prospective 
calculations that we perform are really about the environmental media. But they are expressed i n  
terms of dose or risk to a scenario subject to place them on a more meaningful (and lower- 
dimensional) scale. To suggest that outcomes for these scenarios cannot be associated with 
probabilities is a misinterpretation. Probability statements can be made about rather arbitrary 
functions of the environmental state variables, but it is these state variables with which the 
probabilistic information is associated, not with the arbitrary function. Such probability 
statements are indeed mathematically correct, but as a matter of application, we need to bear in 
mind that all estimated probabilities are conditioned on tlie assumptions that went into their 
calculation. 

Probability distributions associated with tlie environment, which we do not control but which 
we must somehow simulate, are of a different character from distributions associated with 
variability within populations from which a scenario subject is imagined to have been drawn. It  
seems to us generally confusing, if not misleading, to niix the two kinds of probabilities together 
in order to make uncertainty statements about exceeding dose limits. It seems to us much clearer 
to choose our scenario subjects with properties (breathing rates, behavioral characteristics) that 
would be protective of a reasonable fraction of the population from which we assume thc subjects 
come. If multiple properties are involved, then we obviously cannot set theiii all at the 95th 
percentile and claim that we are conservative for only 95% of tlie population. But \\e do believe 
that they should be set to fixed values, in such a wa). as to define the subject as being credibly 
protective of an acceptable proportion of tlie population. Certainly, it is altvays reasonable to 
review an assessment as a whole and ask whether too much conservatism miglit have beeii 
introduced. But care has to be taken i n  doing so. 

Note that when a millennium is the time domain of a prospective study, tlie scenario 
becomes a succession of hypothetical individuals, all having similar locatioii and cliarocteristics. 
but with their exposure enviroiiinent evolving from generation to generation. If oiic were to treat 
the scenario subjects statistically, would successive generations be stochastically independent 
with respect to their physical and behavioral properties? Or would one consider autocorrelations, 
to account for family traits in different generations? Or would we sample one set of properties at 
each Monte Carlo realization and apply them equally to all generations‘? Maiiy questions of this 
kind can be raised to illustrate the conceptual problems that arise when one starts donw tlie path 
of ”realism” expected from treating scenario subjects as samples from real populations. 

Finally, let us contrast tlie situation described above, for prospective assessments, to 
retrospective studies such as dose reconstructions. I f  a risk analysis is carried out lor such a study. 
the affected populations are real, and distributions of properties of those populations can (at least 
in principle) be estimated (e.g., by Census statistics and sanipling surveys) We can then quite 
reasonably consider these distributions as part of tlie total uncertaintj. in the risk estimate and 
combine them with distributions of concentrations in  exposure media. Tlie outcorne. for example, 
might be tlie number of health effects that would be predicted to result from the collective 
exposure under study. This number is uncertain. not only because of our uncertain predictions of 
environmental concentrations, but also because of variability within tlie affected population with 



Responses to Comments 
Task 5 :  Independent Calculation 

65 

respect to our determination of the relevant properties (e.g., breathing rates, diet, proximity to 
contaminated media). Here, we do not have the luxury of defining a hypothetical individual 
whose properties suffice to protect most people who ni ipht  be exposed. The purpose of the dose 
reconstruction is not to protect anyone, but rather to study potential or realized effects of what has 
already happened. 

With regard to the reviewer’s concern about the value for the fire flux, we did not choose the 
NTS value from Anspaugh et al. (1975) as generic for the fire flux. On page 5-16, we indicated 
that the generic range (given initially in terms of resuspension factors) is from the tabulation of 
Sehmel (1984). The logarithmic midpoint of this range (converted to flux units), as we noted on 
the page 5-15 (last full paragraph), is within a factor of two of the NTS value (the NTS value is 
higher). We offered this observation for comparison, not calibration. We will have to do some 
rewriting in Section 5.3 anyway, and we will try to make this point clearer. 

3 .  I do not have access to all the 903 pad characterization data; but it appears to me that I O  
pCi/g is economically infeasible and possibly technologically impossible. It would also 
result in near total destruction of the very environment we are trying to save as open space. 
Another indication of the unreasonableness of your recommendation is that you do not 
consider that some of the scenarios are mutually exclusive. If the site is developed into 
single family housing, a far more likely scenario than the rancher, then the action level 
becomes 170 pCi/g. You are in effect recommending that the most cost effective cleanup 
would be to let the property be developed. This is patently absurd. The problem stems from 
the skewed dose distribution for the fire. I f  this distributiori is corrected then the difference 
becomes less than a factor of 2 instead of 17. 

I t  is important to remember that we presented the value of I O  pCi g-’ as an example of how 
the panel might go through the process of determining a soil action level i n  light of the many 
considerations raised in this report. We did not account for all of these considerations in our 
example, but it will be quite important for the panel to give weight to each of them. Also, it was 
important, not only to the panel but  to RAC, to allow for a number of different types oi’sceiiiirios 
from which the panel could choose the most lihely land usage or, alternately, select tlie most 

terms of dose. The fact that different scciiarios prodiice different IiSAL 
values i n  no way makes any staterneit about tlie=fiiost cost=effective clean-up; it makes ti- 

statement only about each scenario and tlie dose delivered in a year from each scenario. These 
results will be altered in the final report by the modification of the t?re model and its probabilistic 
introduction into all scenarios. 

- - -  conservative scenari - -  - 

4. As you state, cost was not considered i n  your recommendation of a soil action levcl. I 
understand your reason for this; but, it seems to be i n  conflict with the way health standards 
are set in this country. For many chemicals, especially thosc that  arc carciiiogcns, none is 
the best standard; but the EPA and other agencies have coinpromised this ideal by using the 
concept of acceptable health risk. The I5 mrem dose limit is such a standard. As you point 
out, this limit already has some conservatism built i n  since 1’11 is iiot uniformly distributed 
throughout the body. It was never the intcnt for a soil action levcl to be set at the point 01.110 

risk. Because of the biased input  variables we now liave no way to evaluatc the actual risks 
to people living on the site. I f  time remains, I ivould hope J o u  can providc us with a r u n  for 
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the rancher based on the most probable distributions of the variables. We could then chose a 
safety factor. 

We defer here to our response to concern #2, raised by this same reviewer. 

Specific Comments 

1. Chapter 4: I consider the use ofon site sampling to determine the spatial distribution of Pu i n  
the soil one of the most important contributions that RAC has made to this study. One 
editorial comment, on P.4- I O  last line of 4.2. I ,  1 believe 200 x 35 microgram should be 7 X 
I 0' micrograms or 7 x grn-'. 

Correct. Thank you for noticing this error 

2. Chapter 5: Again I was impressed with the method used in the regression. In geostatistics a 
similar method called conditional simulation is used. I continue to take exception with the 
arbitrary way in which variances are adjusted to add a safety factor. I know we differ on this 
point; but, I believe in a Monte Carlo simulation the input distributions should be unbiased. 
Your regression analysis showed that your estimated values consistently overestimated the 
actual values (P. 5-15). You nevertheless increased the GSD from 3.06 to 4.0. In  a Monte 
Carlo simulation i n  which you intend to use a high confidence value increasing the variance 
is equivalent to increasing the mean. I t  is clear you understand this point since you write 
"we make this precautionary adjustment as a measure of conservatism i n  the calculation". 
Since this variance is deeply embedded i n  a series of complex calculations, I have no idea 
how it effects the final soil action level, if at all. I don't believe you know either without 
checking. How did you arrive at a GSD of 4.0? Why not 5.0 or 6.0, it would provide more 
conservatism. 1 hate to keep harping on the same point; but the place to be conservative i n  a 
Monte Carlo simulation is in  the output distribution not the input distributions. All science 
is based on subjective judgements, but when you have jus t  completed a very elegant 
nonlinear regression using Monte Carlo to simulate the joint distribution and then find good 
agreement with the original data set you have accomplished a real feat, why then add 
unnecessary subjectivity. 

As we discussed in one of the technical sessions, resuspension fluxes do not remain 
constant with time. I n  a well-graded soil such as at Rocky Flats the fines tend to be 
suspended very rapidly and are carried away. Stronger windstorms do then suspend some of 
the coarser particles. With more time the fluxes decease. I have personally observed this in 
mines. A year is too long a time for the assumption to be made that the soil acts passively. 
If you are going to adjust the variance I would adjust it down to account for this effect. 

In the RAC proposal for this project, we stated a list of principles (A-E) that we follow i n  
applications of uncertainty analysis. Principle B reads (in part) as follows: "RAC generally 
recommends that calculations not be deliberately biased high to compensate for lack of 
knowledge. Rather, analysts should do their best to keep their procedures free of bias. 
Conservatism, when warranted, should be expressed by increasing the variance of a quantity's 
uncertainty distribution while keeping its 'center' (e.g., 50th percentile) fixed." Note the specific 
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niention of 50th percentile, which we prefer i n  place of the mean as a central statistic for skewed 
distributions. Then i n  this context, unbiased means that we should not deliberately distort the 
median of the distribution. 

The distribution of predicted/observed ratios shown in Figure 5-4 was approximated by a 
lognormal distribution with geometric mean (GM) 1 and geometric standard deviation (GSD) 
3.02, with parameters estimated from the empirical distribution. First, let us observe that 
increasing this GSD to 4 without changing the GM does not bias anything, because the GM is the 
median of the distribution, our central statistic of choice. 

One most certainly can object to this subjective increase froin assumed factor-of-five to 
order-of-magnitude precision in the estimate. Our decision to increase the GSD was motivated 
primarily by the relatively brief period represented by the data ( 3  years) and secondarily by 
concerns about the adequacy of the spatial coverage of the samplers. We were less concerned 
about the number of samplers than about the fact that they are spatially concentrated in the parrs 
of the site that may be less typical of the soil resuspension flux we are trying to estimate. We also 
anticipated concerns about sampler efficiency. We strongly doubt that all uncertainty about the 
soil flux is accounted for by the variability expressed by these data. There is no denying that our 
data constitute a sample of convenience, which is a common problem in environmental studies. 

If the reviewer does not agree that some adjustment of the uncertainty is appropriate here, 
his view is noted and will be considered. His implication that the procedure we followed would 
bias our central estimate of the soil flux is not correct. However, without checking, we would 
expect that propagation of the increased variance into the curves that show the probability of 
exceeding the dose limit would tend to decrease the SALs based on low probabilities (e.g , 10%) 
If  resuspension is the only exposure mechanism, increasing the variance should rotate the curve 
clockwise about its (approximately) 50% point, distorting it so that its asymptotes arc preserved 
When other mechanisms, such as ingestion of soil and contaminated foodstuffs, are involved. the 
picture is more complicated. But we did not make the adjustment with the purpose of' causing thc 
SALs to decrease. 

As to the regression's overestimation of the samples at S-07, S-08, and S-09, one initst 
realize that it also underestimates the values at numerous other samplers (Figure 5-  I ) Tlie 
regression seeks the best fit, i n  the sense of least squares, when all locations and dates are 

- --considered. No regression based- on these data and a constant resuspension flux is likely to do 

while we keep its GM fixed, both tails are influenced, i.e., probability density is moved into the 
upper tail, but the same amount of probability is displaced toward zero. 

- _  - -  
~ - -  - 

much better. We should also point out that w we increase the GSD of a lognormal-distributioii ___= - -  

3 .  Chapter 6 :  I wish to complement you for the work you did modifying RESRAD. I was able 
to follow the PERL script as written. I was a little disappointed that no user interface was 
included; but, this can be easily added at a later date. 

We are glad that the PERL script was easy to follow. It will undergo considerable revision 
for the final report. 

4. Chapter 7: I agree that only two significant figures be shown. I would however round to the 
nearest live below 50. The difference between 10 and 15 could have major ecoiiomic 
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consequences. 1 have some question that a uranium soil action level of 20 pCi/g can be 
distinguished froin the high background uraniuni found along the Front Range. 

We will consider this enhancement. 

5 .  Chapter 8: 8. I .7.1 I ani confused why you report the 85 mrem level instead of the 15 mrem 
value, as you are aware the dose for radiation workers is much higher than for the public. 
More interesting would be to use this scenario for an open space park worker. 8.2.1.1 
Editorial: I had trouble following this paragraph, I think there may be some number 
transpositions. 

We will include the I5 mrem and the 85 mrem analyses in the final report. 

6 .  Chapter 9: I am disappointed with your statement that 30 is only slightly different than IO. 
The numbers vary by a factor of three. The cost of cleanup to I O  instead of 30 is more than 
an order of magnitude and would effectively destroy the ecology of the site. 

We did not intend to diminish the difference between the two numbers in any way, 
particularly in view of the cost of cleanup. We were trying to show how similar the results froni 
the two scenarios were, and how cleaning up to protect the onsite individuals would also protect 
the offsite individuals. 

7. Chapter IO: I agree with your suggestions for future work. I hope they are implemented. 

8. Appendix C: Thanks for the conversion table H- I7 

We appreciate both of the above comments. 

9. Appendix D: It’s a small item but I am curious why you used a Kd of 5350 in this appendix 
while the median value used i n  the study was 2000. This again points up the problem with 
lid. A low Kd will result i n  groundwater becoming an important pathway, while at the saine 
time it reduces the inhalation and ingestion risk. We must be careful that natural attenuation 
does not become the preferred cleanup strategy. 

The saine question was raised by and answered for Reviewer A. 

Steve Gunderson 

1 .  Since the effects of a hypothetical grass fire make a considerable difference in the 
calculations and because there is a large uncertainty associated with the modifying factor 
applied, more information about the development of this factor would be useful. 
Specifically: 
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The range of values used to derive the modifying factor of 200. Are all the values from 
various sources given equal weight in the derivation process and are all considered 

. equally valid for use in these scenarios at this site? 
t f  the resuspension rate is constant throughout the year affected by the lack of 
vegetation, are collateral effects on paranieters such as ingestion of homegrown fruits, 
vegetables, and meat accounted for? 
Were the following references considered during the development of resuspension 
parameters under the fire scenario: 
- Gerhard Langer’s Resuspension of Rocky Flats Soil Particles Containing Plutoniuin 

Particles - A  Review (1989) and 
- CDPHE’s Technical Report - BuJer Zone Brush Fires Investigation ( 1999) 
What additional data could be collected or research conducted to reduce the large 
uncertainty surrounding tlie fire-scenario mass-loading modifying factor? 

0 

We plan to include enhancements to our fire calculations i n  the final report, as mentioned in 
response to many of the previous reviewers. These enhancements will include calculations of the 
probability of a fire i n  any given year, which will hopefully make the fire calculation more 
applicable for these purposes. The factor of 200 was developed as described in  Section 5.3, with a 
large range of uncertainty. With limited sources of data, we considered any available data that fit 
the parameters of our analysis to be valid and useful. Including the probability of a fire will 
enhance this calculation as much as  it can be without additional research. We will recommend 
such research in  our final report, but i t  would likely include a specific study on the effects of a 
fire on resuspension at Rocky Flats. Also of interest would be an issue raised by Reviewer A, that 
of tlie impact of the actinides in soil burning and what sorts of exposures that might cause. 

For the year that the impacts of the fire were felt, we did not account for any impact that 
might have on the farming of homegrown food. But, as we pointed out to a previous reviewer, tlie 
inhalation pathway dominates the year afier a fire (-87%) and that pathway, combined with soil 
ingcstion (which could still, theoretically, exist) make up  92% of the total dose during that year. 
So even without the ingestion of agricultural products, the total dose would not be impacted that 
significantly. 

ss -- to . Langer’s work, but were not aware of the CDPHE technical report. At - -  - ~ _. -. 

this point i n  the t, we would have to defer that report to later research- - _  

2. Section 4.2.1 discusses the mass loading factor used in the  uranium calculations. The test 
identifies the factor used in the original RSAL calculations which is based on measured 
PMlo values. Why are TSP values compared to this value and used as a basis for the mass 
loading factor? 

The TSP value was used for conservatism. In future calculations, the PM- I O  value, which 
based on the analysis in Hodgin (199S), is 30 to 40% of the TSP concentration will be used. This 
value will be treated stochastically. 

Reference: 
Hodgin, C.R. 1998. An Antilysis of Colorado Depprrrtment of Public Heulth and Environment 

Air Monitoring Datu for P~r~icrrlcrtes and Pltrloniutn ar the Rocky FIUIS Envir.onnienta1 
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Technology Sire. AlplialRAC, Inc. Westniinster, Colorado. Report prepared for the Colorado 
Department of Public Health and Environment. February 3 .  

3 .  Not all of tlie parameters used i n  the calculations are defined. In order to evaluate tlie RSAL 
calculations, it  would be useful to have each parameter explained arid justified. 

Each parameter used in tlie calculation was explained and justified in Task 3: Inputs and 
Assumptions. Some of those parameters were enhanced in the Task 5 report. For the final 
sunimary report for this project, we plan to include all of our task reports as attachments, so at 
that point, all of the necessary information will be in the same place. 

Mary Harlow 

1 would like to take this opportunity to comment on the Task 5 report. The report is 
impressive and well done. However, I do have concerns about the defensibility of some of 
your conclusions. If we are to convince the regulators that tlie soil action level should be 
lower we need hard evidence. 

I .  A lightening caused prairie fire is certainly a possibility at Rocky Flats, but what is the 
probability of this happening in any one year? Where would the fire occur, how large 
would it be arid how long would it take for the vegetation to regrow? 1 do not believe that 
the effects of this fire would be felt for an entire year unless there were multi-coincidence 
events occurring such as a drought. Should a drought be considered i n  this worst case 
scenario? 

We will be considering grass fires from all causes i n  the near and remote future with 
probabilities estimated from fire statistics in the past century. Mitigating effects, such as variation 
in burn areas, regrowth time, and distance of subjects from fire, will also be considered. We will 
recommend that periods of drought might be considered, but we will not be able to include this 
factor explicitly i n  our aiialysis. 

2. The question you posed as to "At what soil action level would you be willing to move into 
the area and live oii the property that has been remediated "does not apply to setting a soil 
action level that is protective of the offsite community and future users of the site. As we 
have seen at Love Canal, historical memory fails within ten years. What we need to support 
the I O  pCi/g that you have suggested is good hard scientific data to back up your 
conclusions if this study is to be acceptable and replicable. 

The I O  pCi/g should not be treated as a recommendation; it  is based on a worst-case fire 
scenario. which, as tlie previous answer indicates, is being extended to a more realistic 
simulation. We included the development of this value as an example for the panel to follow in 
developing their [<SAL recommendation, The critical parameter for the fire is the resuspension 
flus for tinvegetated soil similar to that of the site, and as far as we are aware. "good hard data" 
Tor that parameter do not exist. Support for the kinds of research that inight have led to better data 
for these estimates was mostly terminated i n  tlie early 1980s. 
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3 .  Please provide tables that compare the RAC scenarios with the DOE scenarios with and 
without fire so that a reader can easily look at the data and iiote the differences. 

Such comparisons are not very informative. As noted above, we intend to include the fire 
probabilistically i n  every sccnario. Even without it, similarities of magnitude between previous 
RAC calculations and numbers included in the DOE/EPA/CDPHE document are not particularly 
surprising, but they do not reveal much of anything either. Remember that the two sets of 
calculations were performed with ( I )  different dose conversion factors and (2) different 
resuspension models and data. ( 3 )  In the DOE calculation, the principal pathway was inhalation; 
i n  the corresponding RAC estimate, it was ingestion. (4) The DOE calculation was deterministic, 
whereas the RAC numbers represented the 90th percentile of a stochastic simulation. I f  we put a 
RAC simulation that involves the fire side by side with a DOE estimate that does not, we will run 
the risk of promoting an apples and oranges comparison. Our purpose is to show how we believe 
the assessment should be done and to present numeric results that demonstrate our methods. 

4. The safety factors that have been place on all the variables are of a concern. It would seem 
more appropriate to have a higher soil action level with an ALARA calculation than to have 
data skewed by over conservatism. Was ALARA even considered in your methodology? 

First, we liave not placed any ”safety factors” on estimates, and it  is not clear what the 
phrase “all variables” means. Second, our methods do not skew data; “skew” implies the 
introdliction of‘ bias. If the concern is directed to our estimate, i n  Section 5 ,  of the resuspension 
soil flus lor  existing ground cover, \ve must point out that tlie procedure rests on princip1e.s that 
we liave followed consistently. The uncertainty estimated by the regression process is limited by 
the data, which: for exahple, cannot tell us  on the basis of data for the period 1992-1994 what 
2000 will look like. A longer cycle would be needed. There are also questions about tlie degree to 
which the spatial coverage of the data is representative. The next two paragraphs are extracted 
from our response to another panel member. 

I n  the RAC proposal for this project, we stated a list of principles (A-E) that we follow i n  
applications .of-. uncertai~lt~!..analysis. Principle B reads (in part) as follows: “RAC generally 

knowledge. Rather, analysts should do their best to keep their procedures free of bias. 
Conservatism, when warranted, should be expressed by increasing the variance of a quantity‘s 
uiicertainty distribution while keeping its ’center’ (e.g., 50th percentile) fixed.” Note the specific 
mentioil of 50th percentile, which we prefer i n  place of the mean as a central statistic for skewed 
distributions (meaning asymmetric distributions, generally restricted to nonnegative numbers, 
such as the lognormal). Then i n  this context, unbiased means that we should not deliberately 
distort the median of the distribution. 

The distribution o f  predicted/observed ratios shown in Figure 5-4 was approximated by a 
lognormal distribution with geometric mean (GM) 1 and geometric standard deviation (GSD) 
3.02, with parameters estimated from the empirical distribution. Increasing tliis GSD to 4 without 
changing tlie GM does not bias anything, because the G M  is the median of the distribution, our 
central statistic of clioicc. I n  particular, any frequency that is added to the upper tail of the 
distribution is balanced b), frequency added near the lower end. 

. . .- ~ ~ 

. ~- - _  ~- . ~ = ~  

reconimends that calculations not b e  deliberately- biased- =high -to- compensate for, Jack- of_.: . - .. _ _  ~. 

~~ ~ 
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We are not certain what is meant by the question about ALARA (As Low as Reasonably 
Achievable). Our methods can provide a basis for ALARA considerations, but "the first task [of 
the ALARA process] is to ensure that the area being remediated is at or below the authorized 
limit or dose constraint [the 15 mrem aiiiiual limit, which is built into our calculations]; the 
second is to determine that tlie residual radioactive material is reduced to levels that are as low as 
reasonably achievable below the dose constrciin~." (our emphasis; the quotation is from the 
RESRAD manual). 

5 .  The document has numerous typographical and grammar errors 1 am sure that the Peer 
reviewers will point out. 

We have noted tlie errors and will correct them. 
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RADIONUCLIDE SOIL ACTION LEVEL SUMMARY REPORT 

INTRODUCTION 

The Rocky Flats Environmental Technology Site (RETS) is owned by the U.S. Department 
of Energy (DOE) and is currently operated by Kaiser-Hill Company. For most of its history, the 
Dow Chemical Company operated the Rocky Flats Plant (RFP) as a nuclear weapons research, 
development, and production complex. The REP is located 5-6 mi (8-10 km) from the cities of 
Arvada, Westminster, and Broomfield, Colorado and 16 mi (26 km) northwest of downtown 
Denver, Colorado. This current project is evaluating the interim radionuclide soil action levels 
developed for implementation by the DOE, the 
Environmental Protection Agency (EPA) and the 
Colorado Department of Public Health and 
Environment (CDPHE). Soil action levels are 
calculated to identify the concentration of one or 
more radionuclides in the soil above which 
remedial action should be considered to prevent 
people from receiving unacceptable radiation 
doses. As a result of public concern about the soil 

In response to public concern about 
the interim soil action levels 
proposed in 1996, DOE provided 
some funding for an irtdependertt 
assessment and calculation of soil 
action levels for the Rocky Flats 
cleanicp work. 

action levels established i n  October 1996, DOE provided funds for the Radionuclide Soil Action 
Level Oversight Panel (RSALOP) to select a contractor to conduct an independent assessment 
and to calculate radionuclide soil actions levels (RSALs) for the KFETS. Risk Asx.s.smc/zf 

Corporation (RAC) was selected to carry out the study. 
The goal of soil action levels is to protect people who may, i n  the near or distant Future, 

come into contact with the site where radionuclides contaminate the soil at levels above 
background. Soil action levels are quantities, one or more per .radionuclide, that depend on four 
things : 

I .  How radioactive material is transported in the environmenl to people (transport 
pathways) 

2. ;How-peoplezmight be exposed to. the rad ctlve materials ( 
3 .  How radiation dose to a person is assessed (radiation dosim 
4. How radiation protection guidelines fit  in (annual dose limits). 

.- ~. .~ - - _ _  ure scenarios) 
= _  ~ - -  

~. .. 
~ - = ~ . . : .  ~ = 

~- ~ -. . ~= . ~ . -  -~~ 

Because of these considerations, we focused on several factors important in  the transpori of 
radioactive materials i n  air and water in an area like Rocky Flats and developed applicable 
exposure scenarios for the project. In designing the scenarios, we carefully considered offsite 
exposures so that if the person living onsite full-time is protected, then the person living offsite 
will be protected. It was also important to understand the behavior of radionuclides in thc soil and 
how soil can be disturbed or resuspended because inhalation can be one of the important exposure 
pathways for those living on or near the site. The potential significance of the groundwater 
pathway, which is an extremely complex pathway, was carefully considered during thc prqject. 
RAC did not assess i t  i n  significant detail in the soil action level project because of the extensive 
ongoing Actinide Migration research (Honeyman, 1999; Honeyman and Santschi, 1997). We did 
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include groundwater as a pathway in our scenarios to providc a bounding Icvcl, screening 
calculation with contaminated drinking water as a pathway for dose. 

At the beginning of the projcct, we planned to recommend a specific soil action level based 
on our methodology, input paramctcrs, and exposure scciiarios. Hotvever, as the projcct evol vcd, 
and especially with the documentation of the Task 5 report (Killough et al. 1999b), \\e realized 

i ~~ 

RA C 's work pro vides ii yrcictical 
n t et It orlology for calcu lating 
rtidionuclide soil action lesels. 
Certain political, social, and 
econontic factors must he 
considered cintl datu about the 
effect of brushfires niust be 
obtained before the p m e l  and 
others involved can select the 
soil action level appropriate. for 
the RockJl Flats site. 

this would not bc possible. There were two 
hndamental reasons for not recoinniending a specific 
soil action level at the end of the projcct. First, certain 
key data that are currently unavailable need to be 
obtained before a defensible soil action level can be 
calculated. Foremost aniong these are data that help 
quantify the impact of a brush fire on the land now 
occupied by the Rocky Flats sitc. Second, a nuniber of 
factors need to be considered that \\.ere beyond the 
scope of this work. These include decisions about 
restricted and unrestricted use of the property, cost of 
cleanup, and the potential for exposures to the public 
during cleanup. The selection of a soil action level 
necessarily involves many political, social, and moral decisions. We would be rcniiss to not point 
out all factors that might go into niaking a decision of this type; howevcr, it is outside our scope 
of work to make such dccisions. After the data gaps are filled in  and the additional considerations 
are taken into account, a soil action lcvel can be developed. Ncvcrthcless. \vc arc providing an 
atmroach that can be used to calculate soil action levels for Rocky Flats, and that this approach 
should be used as the basis for selecting soil action levels that caii be iniplcnicntcd. 

PROJECT TASKS 

To calculatc soil action levels for the WETSl the current prqject \vas designed to folloiv a 
carehl and systematic course from determining the methodolog!. to selccting a computer code to 
analyzing exposure pathways and sensitive parametcrs to reporting the final results. This coursc 
\vas laid out in eight tasks. Five of the tasks resulted i n  reports, one task was completed as a 
presentation, and two tasks were oilgoing goals throughout the project. Table I sutiiniarizcs the 
tasks for the project. 

There were a nuniber of design objectives that \\-ere follo\vcd during the course of t!lc \vork. 
Some of these objectives were imposed by the scope \\'ithiti n4iich we had to work and we did not 
have the option to go beyond this scope. As in any scicntific stud!.: there arc: al\vays ideas that 
evolve that could improve the work or expand on technical discussions that make it more 
complete. Nevertheless, it was important, because of the time constraints of the prqjcct and the 
resources, to stay within our scope and t n  to provide the most complete product possible. Kc!. 
design objectives are listed below. 

1. Base the soil action level on a dose constraint, rather than a levcl of risk. 
2.  Consider two dose constraints. 15 mrem (0. I C  mSv)  i n  a !.car for unrestricted use ofthc 

3 .  Consider any realistic scenarios of exposure for thc futiirc and do not be limitcd to using, 
site, and 85 nireni in  a year for restricted use. 

scenarios that had I-, reviolis I}. bcen proposed. 
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4. Include uncertainties in  thc calculation to the greatest esteiit possible. 
5 .  Incorporate site-specific data iiito the calculation whcre thcy arc available. 
6. Evaluatc different coiiiputer codes that are available for calculating RSALS and select 

oiic to use that is the best for tlie situation at Rocky Flats. 
7. Use a docuniciited and rcviewcd coniputcr codc: however, modify this codc if possible to 

improve the quality of the calculation. 
8 .  Complete the work within the time coiistraiiits given and interact with tlic paiicl and tlic 

public at monthly availability sessions and forinal meetings. 

Table 1. Project Tasks and Reports 
Task Reference Location in  current report 

I :  Cleanup Levels at Other Sites Attachment A 
2: Review Computer Models to Attachment B 

Calculate Soil Action Levels 
3: Inputs and Assumptions Aaiiciisoii et al. 1999 Attachnicnt B 
4: Methodology for Dctcrmining Presciited at November Attachment B 

Weber and Till, 1999 
Killough et al. 1999a 

Soil Action Levels I998 RSALOP meeting; 
Killougli et al. 1999b 

5 :  hidcpcndcnt Calculation of Killough et al. 1999b Attachiiicnt B 

6: Soil Sanipling Protocol Attach iiic i i  t C 
7: Interaction with Actiiiidc ongoing Altacliiiicnt D 

8 :  Public Interaction ongoing 

RSALs 
Thornc aiid Rood 1999 

Migration Panel 

Each task was an important stcp in the process, although tlic tasks did not chroiiologicall~ 
procced in numerical order as thc! appear here The five peer-rcvicncd reports. and a suninian 
of the Actinide Migration Studies meetings that occurred during the course of the projcct are part 
of this report as four attachments Tasks 7 and 8 .  interaction u it11 tlic actinide niigratioii paiicl and 
public interaction, rcspectivclj, were important throughout the project Public involvcmcnt uas 

communities surrounding tlie sitc With an! stud! that involves the mciiibcrs of tlic public as 
stakeholders, it IS iiiiportant to involve the public i n  ne\\ and creative na!s i i i  the dccision- 
making process RAC, along with Advanced Integrated Manag,cniciit Scrviccs. Iiic (AIMSI). 
focused on this end throughout the projcct b! sclicduliiig and conducting public mcctlngs and 
making \\ritteii materials availablc The Actiiiidc Migration Studies (AMS) group \\as established 
b j  DOE i i i  1996 to iiivcstigatc and iiiodcl - Pu, '"Aiii, and iiraiiiiiiii transport in tlie sitc 
environiiiciit Pcriodic technical and public meetings Iiavc been a \\a! for Kaiser-Hill (K-H) and 
the various sciciitists who specialize in tlic stud! of actinide iiiovcmcnt i n  tlic en\ ironiiicnt to 
report oii tlie progrcss of their fiiidings at Rock! Flats Their input iiito our projcct \\as invaluable 
and sumniaries of nicetiiigs during the course of the piolcct can be found i i i  Attacliriicnt D 

Task I surniiiarizcd research into clcaiiup lcvcls at otlicr facilities and sites aiid nas an 
iniportaiit first step I I I  this project (Weber and Till. 1999) Because of tlic iaricd tecliiiiqucs. 
cleanup criteria, csposurc path\va! s, and input paraiiictcrs for calculating dose and contamination 

- 

particularlq relevant in this study because of the iinpact the cle%iiup-lcvcls ma! have on the local _ -  

'19 2 4 1  

Risk Assessment Corporation 
"Selling lhe slandard in environmental heallh" 



4 The Rocky Flats Soil Action Level Independent Review 
Project Summary 

levels in soil, this task \vas challcnging but i t  provided an iniportant comparison and pcrspective 
on the magnitude of the interim soil concentration criteria at Rocky Flats. The Task I report is 
located in Attachment A. 

Task 2 focused on sclecting a computer-based niodcl for making calculations of soil action 
levels for our work (Killough et al 1999a). We revimvcd five models for possiblc inclusion in this 
project and narrowed our choice to one. Following this sclcction process, we identificd and 
developed probability distributions for the input parameters to the soil action level calculation 
that had the most significant impact on dose. The sclcction of these values and distributions is the 
subject of the report for Task 3: Inputs and Asst(niptions (Aanenson et al. 1999). Wc also 
developed exposure scenarios; that is, hypothetical individuals who might be esposed to 
radioactive contaniination at Rocky Flats in the future. These scenarios are the individuals for 
whom doses and soil action levels wcre calculatcd. The Task 2 and 3 reports arc part of 
Attachment B in the current report. 

Designing a methodology for calculating soil action levels based on our cxposurc sccnarios 
was the focus of Task 4, and \vas presented to thc RSALOP in November 1998. As stated 
previously, this methodology included the uncertainties of the input parameters and the rcsulting 
soil action levels. Based on the methodology of Task 4 and the input parameters and assumptions 
of Task 3 for the computer code selected in Task 2. we developed a nicthod to calculate 
radionuclide soil action levels for each of seven sccnarios. The niethodology and examples of 
how to calculatc soil action levels were covcred io the report for Task 5 :  Indepcndcnt 
Calculation. This methodology fornis the basis for the RSALOP to develop a rccomniendation 
for thc soil action levcls appropriate for the Rocky Flats sitc. We provide an esaniplc of an RSAL 
development, based oil the nictliodolog?; and calculations presented in the Task 2 rcport. The 
Task 5 report is part of Attachment B of thc current rcport. Finally, in Task 6, \ve rcvicwcd the . 

soil sanipling procedures currently iri place at the WETS, and rcconimended sonic guidclincs for 
establishing a soil sampling protocol to ensure that the soil action levcl criteria arc nict (Thomc 
and Rood 1999). The Task 6 report is included as Attachment D to the current sunitnary report. 

This summary report is the culniination of our Lvork on tlic soil action level projcct. I t  
provides a synopsis of the entire project and includes as attachments the technical reports issued 
as a part of this project. We describe the important elenicnts of each project task and how they 
contributed to the project as a whole. This report should providc a complete pcrspcctivc on the 
project, including the details of thc work that was conipletcd. We providc the method and show 
an example of ho\v to develop a recommendation for radionuclide soil action levels. Bccause 
there are many considerations that might impact decision-making i n  tcrnis of selecting a final 
cleanup Icvel, tvc do not recommend a single value; rather, we provide the method to calculate a 
soil action level that can be used by the panel and others to conic to a consensus on what tlic final 
radionuclide soil action level should bc, considering all factors. 

PUBLLC LNTERACTION 

Public interaction was particularlj. important for the cleanup cffort because of tlic proximity 
of the Rock!. Flats site to the surrounding communities. The crucial first-step iii the clean up was 
detcrniining the concentrations of radionuclides that could be Icfl in the soils after cleanup was 
conipetc. I t  was important to keep the public and surrounding stakeholders infornicd of tlic 
decisions regarding thc clcanup. As a research team, &IC \vas comniittcd to thc task of public 
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involvement and interaction. Thus, we supported the public involvement contractor, AIMSI, who 
scheduled monthly technical meetings that were open to the public and general public meetings 
designed to inform the public about the current project. Research that impacts the public must 
necessarily involve and be impacted by the public. For the soil action level project, we attended 
monthly meetings and updated the RSALOP on the progress of the project. The RSALOP 
meetings were an important forum for interaction with the panel, the agencies, and the public. 
During these meetings, many decisions were made regarding the direction of the project and input 
parameter values. Many ideas and insights came from discussions at these meetings that 
significantly impacted the project and would have been lost had this interaction not existed. 

RAC also participated in technical work sessions before each RSALOP meeting. These work 
sessions gave anyone interested in attending a chance to ask more specific questions and have 
discussions about the technical details of the work. These sessions ended up serving more as 
round-table discussions and much was accomplished by explaining our methodology, clarifying 
issues, and presenting examples of our work to the attendees. 

Three public meetings took place during the course of the project. These meetings were 
geared more towards a general audience to update them on the work being done. A special 
workshop on radiation risks from exposure to radioactive materials was held in response to panel 
concerns about the process. This workshop, led by Mr. Charles Meinhold, President of the 
National Council on Radiation Protection and Measurements, was open to the public and other 
interested parties. This workshop was helpful for informing the panel about the background of 
risk protection and management, as well as giving an overview of the current research. 

Five paid peer reviewers from around the country reviewed and provided written comments 
on each of our five draft technical reports. We also received review comments from panel 
members, DOE personnel, and others attending the monthly meetings. We responded to all 
comments in  writing, and these responses were reviewed and accepted by the panel. The final 
reports retlected the reviewer comments and changes made to the reports in response to them. 
This process helped identify areas of concerns that we had not already considered, and allowed us 
to deal with many of those within the context of our work. The process of public interaction and 
review took place throughout the entire project and provided a valuable network for identifying 
issues that were critical for the public. 

- - _  - -  - .  
~ 

INTERACTION WITH THE ACTINIDE MIGRATION PANEL 

The Actinide Migration Panel is made up  of scientists who are very closely studying the 
processes associated with migration of actinides through the environment. This panel had 
working meetings throughout the duration of our project, and RAC attended the meetings for 
purposes of collecting information produced by the Actinide Migration Panel that might be 
helpful for our studies. These studies are exciting and very relevant to the current soil project 
because they help to characterize the chemical and physical form of plutonium at the Rocky Flats 
site. The AMS research that is underway has helped to define the potentially significant 
pathways. The research done by the panel into the movement of actinides i n  the Rocky Flats 
environment has not yet provided any new models of groundwater movement, but i t  has provided 
us with valuable information to make our calculations more site-specific. For example, surface 
water discharge and actinide activity data from site monitoring programs during the 1990s were 
compiled to compute actinide loads on a storm-specific and annual basis. The analysis was done 

Risk Assessment Corporation 
“Setting the standard in environmental health” 



6 Tlic Rocky Flats Soil Action Lcvcl Independent Review 
Project Summary 

compiled to compute actinide loads on a storni-specific and aniiual basis. The analysis \vas donc 
for Woman Creck. Walnut Crcek and the South Interceptor Ditch (SID) drainage basins, which is 

Iniportant$ndings from the Actinide 
Migrcrtion Strcdics were incorporcitcrl 
into our crilciclrtions and results. 
Studies ver{fied tlitit ( I )  pfutoniunr is 
in (in insoluble fornr in the soil in the 
903 Area, (in oritdoor storage wen 
that is heavily conttintinated and tltnt 
(2) actinides iirove tltrorcglt the Rocky 
Flats environnrent quite slo~vly c m d  
deliberatel$ toward the riquifer, if 
thPv m i m w  nt nll. 

- 
part of tlic Woman Crcek watershcd. Other 
studies report '39.2JOPu and ""Ani activity in 
surface soil sainpled in the Walnut and Woman 
Creek wtershcds. These types of data can bc 
used to calibrate the modcls that estimate soil 
erosion and associated actinidc transport. Other 
work is underway to characterize plutonium in 
samples from thc 903 Area using powerful new 
state-of-the-art analytical techniques. This work 
has provided convincing new evidcnce for what 
many have assutncd all along - that plutonium i n  
the soil at Rocky Flats is insoluble P u 0 2 .  While 

results from sonic of the AMS studics indicated that this insolublc form of plutonium might not 
enter groundwater, \ve used a conservative approach to address thc question of whcther or not thc 
groundwater exposure path\va\. could bc ruled out of the current analysis. We undcrstood the 
importance of groundwater aid surface water pathways in thc long term, and included the 
groundwater pathway in  one of our scenarios. We did recognize, however, that our assessnicnt of 
the groundwater pathway was limited by the complexity of the path\va\.:, and includcd broad 
ranges for thc value of  the soil-\vatcr equilibrium distribution coefficients. 

This pancl provided two kc!. pieces o f  information to this indepcndent soil action levcl 
stud),, and it is possible that firture work done by thc pancl might have an impact on thc rcsults 
produced by IUC. First, the panel's research has providcd a qualitative picturc of Inovcnictlts of 
actinides through tlic Rocky Flats ciiviroiimcnt; nanicly, that thcy move quite slo\\l!. and 
deliberately toward tlic aquifcr, i f  thcy move at all, Continuing rcscarch nil1 Iiopcfulli\. solidifi 
understanding of these proccsses, and perhaps produce a niodel for actinide nioveiiieiit i n  tlic 
Rocky Flats environment. Second, soiiie of the panel's rcsearch was adaptcd for use i n  our 
indcpendciit calci~lations o f  soil actioii le\&. Wc were able to LISC the work of Hone\.inan and 
Santschi ( 1997) to provide upper bounds 011 our distributions of soil-water equilibrium 
distribution coefficient. It  is this quatitit\, that, in ;I simplc dissolved-phase transport niodel, 
dictates thc ratc o f  actinide movemcnt. A summary of sonic of the important issues addrcsscd b!, 
the Actinide Migation Pawl is provided i n  Attachnient D to this report. 

CLEANUP LEVELS AT OTHER SLTES 

To coitipcire the clennicp levels or 
soil action level.s, at other sites 
with tltose at Rockj~ Flats, we 
stiintlartlizerl the levels to  the 
radiation close tlirrt ~c~orcld resitlt 
from being e-vpscd to  encli soil 
concen trtitioti. 

The first task of the study (Task 1: Clennzrp 
Levels 01 Other- Sites) \vas designed to provide the 
RSALOP with a clear and unbiased evaluation and 
comparison of previously dcvclopcd soil action levels 
for the RFETS and other facilities (see Attaclinicnt A). 
This task report coinpares cleanup lcvcls for 239.2J0Pu 
at other sites to those at Rocky Flats and idcntifics 
inforination from other facilities that \vas applicable in 

conducting the Indcpeiidcnt soil action l e ~ d  analysis at Rocky Flats. A number of national and 
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international sites have established soil action levels, cleanup criteria, or soil concentrations that 
are either calculated 01- measured. The studies that were reviewed, sunimarize 7-39*240Pu soil action 
levels that were reported to be protective of human health based on reasonable land use scenarios 
and predetermined dose criteria. Soil concentrations of I4lAm were also provided when available 
for these sites or facilities. The Task 1 report, which is included as Attachment A to this current 
suinmary report, describes information for each site in terms of the  dose, scenario, and potential 
exposure pathways used to calculate the cited soil action level. 

The sites evaluated in the Task I analysis were 
0 

Hanford, Washington 
Nevada Test Site, Nevada 

0 

0 Johnston Atoll, Marshall Islands 
Enewetak Atoll, Marshall Islands 
Maralinga, Australia 

0 Semipalatinsk Nuclear Range, Kazakhstan 
Thule, Greenland 
Palomares, Spain. 

Rocky Flats Environmental Technology Site, Colorado 

U.S. Nuclear Regulatory Commission (NRC) codes for remediation 

sites, the reported soil action levels or cleanup criteria 
were normalized, or standardized, to the effective 
radiation dose. This procedure resulted i n  a ratio for 
each site, calculated by dividing the reported soil 
action levels or cleanup criteria by the radiation dose. 
In the report, we refer 10 this ratio as the soil action 
level to dose ratio. With this procedure, we were able 
to identify the factors or parameters that affected the 
outcome of the calculation to the greatest extent and 
that account for the differences among soil action 

Dose is a general term denoting 
the quantity of radiation or 
energy that is absorbed by the 
body. Effective dose provides a 
measure of the dose to the whole 
body, taking into account the 
dose absorbed by each of the 
target organs and the sensitivity 
of those organs to radiatiurt. 

- 
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Table 2. Summary of Comparisons between Rocky Flats Environmental Technology Site 
Calculations and Those for Other Facilities 

Ratio of the soil 
action limit to dose 

Ratio of the dose to 
soil action limit 

Location Parameter change (1 pc i  g-' I mrem-I) (mrem LpCi g-' I-') 

Rocky Flats Original calculation 17 0.06 
residential 
Hanford residential Original calculation 2.3 0.44 

Remove meat, milk, fish, drinking 34 0.03 
water pathways; change to 
RFETS dose conversion facto$ 
and mass loading 

Rocky Flats office Original calculation 73 0.0 I 

worker 
Hanford industrial Original calculation 16.3 0.06 

worker 
Change dose conversion factor' and I59 0.006 

mass loading 
Rocky Flats Original calculation 17 0.06 
residential 

Change to Nevada Test Site close 2.8 0.36 
conversion tiictor" 
0 rig i nal ca IC u la t i on Nevada Test Site 

res i cle n t i a I 
4. I 0.24 

73 0.0 I Rocky Flats office Or ig i na I c;i IC u I a t ion 
worker 

Change dose conversion factor 16 
4 I Nevacla Test Site Or i g i nal c;i IC u la t i o n 

0.06 
0.02 

industrial worker 
Rocky Flats Original calculation 17 0.06 
Johnston Atoll Original calculation 0.85 1.2 

Change to RFEK mass loading, 17.8 0.056 
enrichment factor, and calculate air 
concentration using RFETS dose 
conversion factor and breathins rate 
Or i J i na I c alc u I at ion 
Or i g i na I c alc u I at i on 
Change to RFETS niass loading. 17.8 0.056 
breathing rate, dose conversion 
factor 

Rocky Flats 
Maral inga 

17 0.06 
0.56 1.8 

Rocky Flats Original calculation 17 0.06 
Change to Palomares breathing rate 14. I 0.07 

Palomares Original calculation 12.3 0.08 

exposure pathways like inhalation or ingestion: the impact of the DCF on the calculations is explained more 
fully i n  the ltidepetidetit Crdcijlnrio/i section. 

Dose conversion factor (DCF) is the committed effective dose per uni t  intake of radioactivity through 

e 
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Our evaluation showed that the interim soil action levels at the RFETS (DOE/EPA/CDPHE 
1996) are significantly higher than action or cleanup levels at other facilities, even when 
normalized to dose. We understood the reasons for these elevated levels and summarized them in 
the Task ‘I report (Weber and Till, 1999). The outcome of the  RESRAD calculation was strongly 
controlled by a few factors, or parameters, and almost without exception, it was these parameters 
that affected the differences i n  the soil action levels for a unit  dose between sites. The parameters 
that affected the calculation to the greatest extent were the  

0 Dose conversion factor (solubility class of plutonium), 
0 Mass loading (resuspension), and to a lesser degree 
0 Breathing rate. 

We reviewed the soil action level to dose ratios for the other sites in terms of the 
calculations, models, and parameters used to calculate soil concentrations and/or dose. In almost 
every case, differences between sites were explained by the different assumptions made for one 
or more of these key parameters identified. If the assumptions were aligned from site to site, 
similar ratios were achieved between Rocky Flats and the comparable sites. 

The dose conversion factor represents the committed effective dose per unit intake of 
radioactivity through the exposure pathways like inhalation or ingestion. For plutonium, the dose 
conversion factor depends, to a considerable extent, on the  assumed solubility of the plutonium. 
For example, soluble plutonium has a dose conversion factor for inhalation that is about I .4 times 
greater than for insoluble plutonium, and, more importantly, for ingestion, the dose conversion. 
factor for soluble plutonium is over 65 times higher than for insoluble plutonium. These 
differences mean that form of the plutonium in the soil assumed for each site (Le.,- soluble or 
insoluble) greatly impacted the level of clean u p  that was done or required. 

The difference i n  the chemical form of the plutonium in  the soil accounted for the difference 
in the  clean up  standards at several of the sites with lower cleanup standards than at the RFETS. 
For example, the plutonium in  the soil at the Hanford site was soluble while the plutonium at the 
RFETS site was assumed to be in  an insoluble form. When soluble plutonium was assumed for 
the RFETS, the ingestion pathway became a more dominant contributor to the dose, and the dose 

iriit intake ~ was -considerably. greater.;This- ortion of the difference 
between t h e  Hanford and Rocky Flats ratios. F terrnine the appropriate= . ~ .& ~~ . = 

assurnption based upon the oxidation state of the plutonium found i n  the soil at Rocky Flats. 
The mass loading parameter is a measure of the resuspension of material transferred from 

the soil surface to the atmosphere, and can vary over orders of magnitude depending on the 
assumed environmental conditions. Mass loading and similar resuspension parameters have been 
extensively measured at Rocky Flats under a variety of conditions, and this information was used 
to establish a plausible range of values for this parameter. If insoluble plutonium is assumed, 
inhalation will dominate dose, and mass loading will become a critical parameter. 

The breathing rate of the exposed individuals has less of an effect on the cleanup levels or 
soil action levels because the range of possible values is limited to within reasonable 
physiological boundaries. Through our evaluation of the soil action levels at other sites i n  Task I ,  
we identi.fied the factors, or input model parameters that are of primary importance in  
determining the soil action levels. These inpu t  parameters are described and summarized in the 
report for Task 3 ,  I i i p u t s  ciiicl Assirt i i i i l iotis .  

Risk Assessment Corporation 
“Setting the standard in environmental health” 
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It is important to note that the Task I comparisons were necessarily done with the same 
version of RESKAD (Version 5.61) used in  the DOEEPNCDPHE (1996) calculations. This 
dictated the parameters of importance. which may or may not have been equally important for 
later versions of the  RESRAD code, depending on changes in the modeling structure. Remaining 
calculations and assessments in  this project were accomplished with the latest available version of 
RESRAD. Version 5.82. 

REVIEW AND SELECTION OF COMPUTER MODELS 

A significant initial step in the project was the review of five environmental assessment 
progranis that could have been used for developing soil action levels for the RFETS (Killough et 
a1 1999a). The models reviewed in the Task 2 report were RESRAD, MEPAS, GENII, 
MMSOILS, and DandD. The Department of Energy (DOE) calculated soil action levels with the 
RESRAD program (Version 5.61) previously, and part of the scope of this project was to review 
their calculations for choice of the parameter values used in RESKAD. RAC selected programs 
that were generally comparable to RESRAD and that are widely used. All five programs were 
developed under sponsorship of one or more federal agencies. The results of this discussion and 
comparison of models is contained i n  Attachment B to this report. 

RAC selected the programs using,these criteria: 
I .  Correctness of the mathematical models; that is, how well does the model account 

for exposure pathways and site features, and how consistent is the program with 
site-specific data. 
Validation of the programs: that is, has the program been checked or confirmed 
w i t h  data that is well doc~imented. 
Source Code; that is, how available is the entire computer code to RAC, and has the 
program been documented. 
Platform (i.e., computer and operating system) and programming language. 
Flexibility of operating teatures, that is, what is the possibility of bypassing t h e  
automatic user interface i n  order to specify input and output files. 

2. 

3 .  

4. 
5 .  

Another consideration in selecting computer prograins for the study was our desire to use 
state-of-the-art methods for carrying O L I ~  our work, especially by incorporating uncertainty 

estimates. RAC developed a method to calculate soil 
action levels that incorporates uncertainty into the 
process. The term uncertainty usually implies lack of 
knowledge about the value of a model parameter or the 
accuracy of' a model prediction. R4C represented these 
uncertainties as probability distributions. Because 
inputs to the selected code were in the form of 
probabi I ity distributions. Rz4 C carefully considered 
how suitable the vario~is computer programs would be 
at providing a distribution of results for dose, or soil 
action levels. All five programs selected for evaluation 
could be installed and executed under some version of 

the Microsoft Windows operating system iind, as a result, all of the program were accessible. 

Five environmental assessinetit 
contpiiler codes (RESRAD, 
MEPAS, GENII, LMMSOILS, 
arid DandD) were evaliiated for  
their applica 0 ility to ca IC ii la tit ig 
radiottitclide soil action levels for 
the rocky Flats site. W e  
coticliided that either RESRAD 
or GENII could be adapted for  
the purposes oftlie project. 
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RESRAD was developed by DOE to evaluate the clean up and remediation of radionuclide- 
contaminated soils at DOE facilities. MEPAS, which was developed at Pacific Northwest 
Laboratories (PNL) and was commercially marketed, was applicable to radioactive and 
nonradioactive pollutants in  many environmental media. GENII, also developed at PNL, provided 
internal and external dose estimates for exposure through all pathways that were ordinarily 
considered in environmental radiological assessments. GENII had been under development for 
more than a decade and was unlikely to be modified further by its developers. MMSOILS, 
developed for the Environmental Protection Agency, was a large multimedia environmental 
transport program that was designed for screening assessments of chemical contamination. 
Although it did not treat radioactivity and decay chains, i t  was included in our review because i t  
could consider radionuclides in soils. As the project began, the DandD code was under 
development by the NRC as a screening level code for decontamination and decommissioning of 
NRC-regulated facilities. Each of the programs are described briefly to show how they might 
have been used in this current project. Based on our evaluation of the available computer codes, 
RAC concluded that either RESRAD or GENU could be adapted for the purposes of the project. 
Basic information on the five codes is summarized here. 

RESRAD: The US. Department of Energy (DOE) and Argonne National Laboratory 
(ANL) developed the computer program RESRAD (RESidual RADioactivity) to perform 
calculations to meet D'OE's criteria for residual radioactivity. The exposure pathways 
available i n  this program include inhalation, external gamma radiation from soil and airborne 
radioactivity, soil ingestion, drinking water, ingestion of vegetables, meat, and milk. Each 
pathway c;in be individually switched on or off to permit the treatment of a variety of 
scenarios. The original, older version of the program from 1989 was used to calculate the 
interim soil action levels for Rocky Flats (DOE/EPA/CDPHE 1996). RAC used the most 
recent version of RESRAD (Version 5.82) ,  which differs in  some ways from older versions 
that are still in  use. In general, the newer version is nothing more than a windows-based 
application of earlier version; of RESRAD. The main difference in the newer version; 
however, is how the program treats the resuspension of soil. RAC bypassed this portion of 
the code and developed resuspension factors based on site-specific data (Aanenson et al. 

MEPAS: The Multimedia Environmental Pollutant .4ssessment System (MEPAS) was 
developed ;it Pacific Northwest Laboratory under DOE sponsorship. MEPAS has 
applications for both chemical and radioactive pollutants, with built-in computation of 
human health risk. MEPAS includes air, surface water, and groundwater transport models, 
;incl treats :ill m;ijor exposure pathways. MEPAS also incorporates some of the features of 
the EPA models for particuliite soil suspension by mechanical and wind-driven erosion. 
However, MEPAS does iiot have ;in intrinsic capability for uncertainty analysis. Because 
Ba'ttelle Memorial Institute declined our request for permission to examine portions of the 
MEPAS source code, we were not able to consider the MEPAS program at  the time of the 
pro.jcct for applicatiol1' to the Rocky Fla~s site soil contamination. 

* GENII: The GENll code w;is designed by Pacific Northwest Laboratory to address 
exposure and dose resulting from both routine and accidental releases of radionuclides. 

Risk Assessment Corporation 
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Doses can be calculated on an annual, committed, or accuinulated basis. GENII models the  
same pathways that are included i n  the RESRAD simulations used i n  the  previous soil action 
levels document (DOEEPNCDPHE 1996). These pathways are resuspension and inhalation 
of contaminated soil, inadvertent soil ingestion, transfer of radioactivity into homegrown 
produce and animal products, and external exposure of the  subject to surface soil 
contamination and contaminated airborne particles. Two resuspension models are available 
in GENII, including a mass loading approach that is similar to the one in RESRAD. GENII 
also has available a scenario of someone offsite who has been exposed to radioactivity that 
has been released and transported from a remote location. The RESRAD code in its 
traditional format cannot address such an offsite scenario. GENU also considers an onsite 
groundwater pathway like RESRAD does. 

0 MMSOILS: EPA developed MMSOILS for screening purposes to estimate human 
exposure and health risk from chemically contaminated hazardous waste sites. MMSOILS 
simulates chemical transport in the atmosphere, soil, surface water, groundwater, and the 
food chain and contains a mechanism for including parameter uncertainties in estimates of 
exposure and risk. It is possible to apply MMSOILS to radionuclides in the soil, but the 
program has no complete niechanism for dealing with the decay of radioactive materials. 
RAC ruled out its use i n  developing soil action levels for the Rocky Flats site, given the time 
constraints of this project. 

DandD: The computer program, L)ecoritat?iiiintiori a r i d  Deconit~iissioriitig (DandD), was 
designed by the U.S. Nuclear Regulatory Commission (NRC) as a screening level analysis 
program to provide ;I simplified estimate of the dose to an average member of a screening 
group of people. The program gives a conservative estimate that i s  not designed to be used 
as an estimate of actual dose. The DandD code includes four exposure scenarios: building 
renovation, building occupancy. drinking water, and residential. However, at the time our 
project W;IS underway, the exposure pathways were hard-wired into the scenarios and could 
only be removed from consideration by zeroing the annual intake of any given product. 
Furthermore. DandD was still i n  its first version and had not been used extensively,.did not 
have published documentation, and thc source code had not been released at the time our 
project hegan.. This situation macle i t  difficult to use the code or to make confident 
stateinents about how the code Functions. As a result, we ruled out the DandD code for use in 
this project. 

. 

INPUTS AND ASSUkIPTIONS TO THE MODEL 

RAC used the RESRAD computer program to calculate the soil action levels for this project. 
hi order to run the code for this project, there were numerous input values and assumptions that 
needed to be selected. To do this most effectively, i t  was necessary to evaluate the  input 
parameters and assumptions for their importance in  determining the final dose and soil action 
levels for cleanup :it the KFETS. W e  performed a sensitivity analysis using RESRAD to identify 
those parameters that have the greatest impact on the outcome of the soil action level calculation. 
For the paranicters that were the most important to the final outcome, RAC developed site- 
specific valucs i t  data were available or created uncertainty distributions of values from published 
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literature sources i f  site-specific data were not available. The probability distributions describe 
the uncertainty in the  values that arises from natural variability or from lack of knowledge about a 
particular parameter. Attachment B of this current report includes our assessment of the inputs 
and assumptions (Aanenson et al. 1999). 

The sensitivity analysis was a single-parameter analysis, where a range of values for one 
parameter at a time was evaluated. RAC used the latest version of the RESRAD code (Version 
5.82) to carry out the sensitivity analysis. This version is an update from the version used in the 
previous soil action level assessment (DOEEPNCDPHE 1996). Of over 50 parameters assessed 
for their influence on the final result, four parameters were found to impact the final result to the 
greatest extent. These parameters were: 

soil-water equilibrium distribution coefficient 
0 area of contamination 
0 mass loading factor 

mean annual wind speed. 

Most Sensitive Parameters 

Most of our efforts focused on providing parameter values or uncertainty distributions for 
these four parameters based on site-specific data or on literature values (Aanenson et al. 1999). 
Table 3 s~iminar~zes the diffcrences i n  parameter values or approach between the previous 
DOE/EPA/CDPHE assessment (DOE/EPNCDPHE 1996) and our approach (Aanenson et al. 
1999, Killough et al. 1999b) 

Td)k 3. Values for the Four Most Sensitive Parameters for the Independent 
Calculation and Conii,arison with those from Previous Assessnient 

Paraniztcr DOE/EPA/CDPHE value R A C  value 

Distriliution coefficient Deterriii n i s t ic 
l’u = 2 I8 CIII; $ 1  

u = 50 clll.i g-1 

Treated stochastically based o n  Rocky Flats 
ineasureiiients and literature values; median 

PU = 2300 cm’ g.‘ (5.6) 
XI11 = 76 CII13 g’I values ( G S D )  of 

~~ ~- ~ .~ = ~~. =-.  ~.-~_ ~. ~ ~ ~ _, . - - 
- s i _ -  = _  - 

-. =. ~ 

~- = 
- - ~ =  Am- =- 1x00 c d  g !  (8.1 ) . ~ = ~ ~. ~ ~~i ~ ~~~ ~ ~ . 

u = 2.3 cm.’ g- ’  (5.4) 
Defined based on historic soil concentration Area of’ Contaniinated 40,000 In1 

Zone 
Mass loding 

ineasureinents at Rocky Flats (see report text) 
Model will be calibrated based on results of soil 

and airborne concentration (see report text) 
0.000026 g 111-.( 

-. 

Mean annual wind Not required for Will use 5-year annual  average STAR data set 
speed 
“GSD = geoiiietric standard deviation. which is ;I iimisure of  the extent of the distribution 

RESRAD Version 5.6 I collected at Rocky Flats niet station 

The clisrr-iburioir cocJlfi’cioit i s  important i n  the soil action level ;issessmeiit because it defines 
thc relationship of the concentration of the contaminant in the soil to the concentration of the 
cont;imin;int in  water, and can influence calculations involving contaminants in  the groundwater. 
RAC included grotinclw;iter ;IS ii source of water in  the rancher scenario. The distribution 
coeft‘icirnt, called the K,, viiluc, c;in extend over a \ w y  wide range even for ;I single type of soil, 

Risk Assessment Corporation 
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so i t  was important to incorporate as much data as possible in our assessment. We created a wide 
distribution of values for uranium, plutonium, and americium, based on an extensive review of 
the published literature. In our assessment, the distribution for each radionuclide is defined by the 
geometric standard deviation, which gives an estimate of how much uncertainty there is about the 
midpoint (geometric mean or median). 

The area ofcorzlarninated zone is ;i parameter required in  the RESRAD code that defines a 
specified area in which the contamination is uniformly distributed. Unfortunately, for much of the 
area around Rocky Flats, especially east of the 903 Area, the plutonium concentrations can vary 
by more than 100 times. This makes it difficult to assume a uniform area of contamination and 
still have a large enough area where contamination is defined. To address this issue, RAC 
compiled historic soil monitoring data from the Rocky Flats area to create contours of 
contamination at and surrounding the 903 Area. These data represent the actual contamination in 
soil and were used in RESRAD to help calculate soil action levels. 

The term muss loading is a measure of resuspension of soil from the ground. Resuspension 
is a complex process that is affected by many environmental factors that have not been well 
documented. The current version of RESRAD uses a mass loading factor to define resuspension 
but even the developers of RESRAD stressed its inadequacy at representing actual conditions at a 
given site. As a result, RAC used historic air monitoring data as the best measure of resuspension. 
RAC considered the location of each scenario onsite where the hypothetical person resides and/or 
works and used actual air monitoring data i n  combination with the soil contamination data to set 
up  a relationship between concentrations i n  air and soil that was used to estimate resuspension. 
This process bypasses the area factor calculation i n  RESRAD and delines resuspension based on 
actual air monitoring data. 

The nzeari uririiinl rvirid speed, not required i n  the previous version of RESRAD, is important 
in  estimating resuspension i n  the current RESRAD version. Hecause we estimated resuspension 
based on site-specific air monitoring data, i t  was important to u<e site-specific meteorological 
data, too. RAC used ;i 5-year average wind speed and atmospheric stability class information from 
the onsite Rocky Flats meteorological station. The ef't'ect of' high wind events on moving 
contamination from the 903 Area before i t  \vas covered wi th  a n  asphalt pad was evaluated i n  the 
Historical Public Exposure Studies on Rocky Flats. Because high wind results i n  lower air 
concentration than would be expected i f  the same material \v;is dispersed over a longer period of' 
time during average wind speed conditions. we did not evaluate high wind events sep;ir;itely i n  
this project. 

Less Sensitive Para meters 

Six parameters were found to affect the outcome of' the calculation only slightly. These 
parameters are 

cover depth (depth of soil that must he removecl to reveal the contaminated soil) 
fraction of the total outside air contamination that is available indoors (indoor dust 
filtration) 

depth of soil mixing layer (depth of uniform contamination) 
fraction of irrigation water contaminated by groundwatcr, and 
thickness of contaminated zone (nc,n-uniformly distributed). 

soil-to-plant transfer lictors 
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For cover depth and indoor dust filtration, we used the values from the interim 
DOE/EPA/CDPHE assessment (DOEEPNCDPHE 1996). For the other four, we selected a value 
more consistent with studies published in  the open scientific literature. For the depth of soil 
mixing layer, or the depth over which soil is unifornily distributed, we selected a value of 0.03 in, 
instead of 0.15 m, based on published studies at Rocky Flats that help define this depth. For the 
thickness of the  contaminated zone, we selected a value of 0.20 m, instead of 0. I5 m, based on 
studies that show the contamination at Rocky Flats is distributed over the top 20 cm (0.20 m) of 
soil, with very little movement of the contamination over the past 20 years. For the fraction of 
irrigation water Contaminated by groundwater (irrigation water contamination fraction), we 
determined that groundwater might be used for irrigation purposes or as a source of drinking 
water. As a result, we assumed that all of the groundwater used for irrigation would be 
contaminated (irrigation contamination fraction = 1 .(I). In the previous assessment. i t  was 
assumed that none of the water would be contaminated (irrigation contamination fraction = 0). 
Soil-to-plant transfer factors quantify that portion of contamination in soil that is transferred to 
plants via root uptake. While the previous DOE/EPA/CDPHE assessment used a deterministic 
approach, we considered the uncertainty ranges of these factors based on recent studies (NCRP 
1999). This screening methodology suggests distributions for soil-to-plant transfer factor that 
reflect uncertainty resulting from different soil conditions, soil types, and soil chemistry. 

0 ther Parameters 

The other parameters required to run the RESRAD code were not sensitive to changes in  
values,.and so additional effort was not given to changing or revising the value from that used in 
the previous assessment. For some parameters. RAC changed the previous value soniewhat, or the 
method of calculating the paraineter value, based on a consistent approach. For example, RAC 
used the external gamma shielding factor of 0.7, along w i t h  the time spent indoors, outdoors, and 
offsite to calculate occupancy factor. This method is more straightforward than that used 
previously. We also evaluated and summarized recent studies that clearly show that plutonium in 
the soil at Rocky Flats is insoluble and thus m a y  not get into the groundwater. However, we 
calculateld- the c groundwater pathway _in= our_expositre scenarios. Our assCssriient showed that 
groundwater can have an impact on dose that needs to be recognized, biit~there are rnany-aspects- ~ =-=- 

of the groundwater calculations, particularly the process of actinide migration, tha t  need to be 
better understood to make an effective quantitative evaluation of the pathway. Because of the 
severe limitations on time and resources i n  this study, we could only recommend that a future 
study be directed toward this type of work, particu1;irly looking at the migration of '"Am and its 
daughters. 

Another important parameter for RESRAD is the initial concentrations of radionuclides. In 
the previous assessment, DOE/EPA/CDPHE defined the initial concentrations of each 
radionuclide of interest as IO0 pCi per gram. In contrast, KAC used the measured soil 
concentration data at the site to determine : l c td  soil concentrations, initialized to the year that 
the soil action level calculations hegin. This technique built i n  the appropriate ratios of 
radionuclides to the initial calculation of action levels. Because soil concentrations for uranium at 
Rocky Flats are primarily locnted i n  hot spots. we calculated soil action levels for uranium based 
on the coiiceiitration of uraiiiiiiii i n  hot.spots, as determined froin the available literature. 

~ . ~ .  . ~ .  .~ ~ ~ 

. .  
~~~ . ~. ~ ~ ~. 
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ICRP 30b ICRP 30 ICRP71‘ ICRP71 ICRP ICRP 30 ICRP ICRP67 
Clearance Inhalation Clearance Inhalatio 30 f ,  Ingestion 67d fl Ingestion 

Class DCF Class 11 DCF DCF DCF 
W 0.444 M 0.155 0.001 0.00364 0.0005 0.00071 
Y 0.288 S 0.059 0.0000 I 0.0000496 0.0005 0.00085 
Y 0.308 S 0.059 0.0000 I 0.00005 18 0.0005 0.00093 
Y 0.308 S 0.059 0.0000 I 0.00005 I8 0.0005 0.00093 
Y 0.00496 S 0.00063 0.0000 I 0.00000077 0.0005 0.00002 
Y 0.132 S 0.035 0.05 0.000283 0.02 0.000 I 8  
Y 0.123 S 0.031 0.05 0.000267 0.02 0.000 I7 
Y 0.1 18 s 0.030 0.05 0.000269 0.02 0.000 I7 

Plutonium Solubility and Dose Conversion Factors 

Results from ongoing Actinide Migration Studies (AMs) at the site helped characterize the 
chemical and physical form of plutonium at the Rocky Flats site (See Attachment D).. The 
plutonium that is found in Rocky Flats soil is generally highly insoluble and attached to soil 
particles. Plutonium mobility is another area under investigation by the AMS researchers that 
may play an important role at the site. These solubility studies guided the dose conversion factors 
selection for plutonium and other radionuclides. Insoluble forms of plutonium are classified as 
slow clearance materials. RAC has researched the most updated values available for dose 
conversion factors from ICRP (1999) and used them in  our calculations. These newer values 
account for reduced uptake of plutonium from the lung based on the new respiratory tract model. 
The newer model accounts for changes in the relative amount of material entering the  GI-tract 
from the respiratory tract and also address the dose to specific cell populations that are at depth in 
the  airways rather than the “smeared dose” used in the earlier version. Table 4 shows the most 
recent values for inhalation and ingestion dose conversion factors in comparison to the values 
from ICRP 30 for the radionuclides of interest at Rocky Flats. Dose conversion factors do exhibit 
some limited age dependence. For very young babies (0-3 months), the  ingestion pathway is more 
important with a dose conversion factor for ingestion about 16 times higher than i n  adults. All 
other ages have ingestion dose coefficients somewhat less than a factor of 2 higher than the adult 
values. 

Table 4. Dose Conversion Factors (DCF) for Independent Calculation (rnrern pCi-’)” 
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We developed and described seven scenarios for 
the project, including the three scenarios described in 
the previous assessment (DOEEPNCDPHE 1996), 
along with four additional scenarios that RAC 
proposed after numerous discussions with the 
RSALOP at the monthly soil action level meetings. 
Parameter values for the DOEEPNCDPHE 
(residential, open space user, and office worker) and 
RAC scenarios (current industrial worker, resident 
rancher, infant of rancher, and child of rancher) are 
summarized in Table 5 .  In designing the scenarios, 
we carefully considered offsite exposures so that if 
the person living onsite full-time is protected, then 

Scenarios 

RAC evaluated seven scenarios. 
We developed four scenarios with 
input from the radionuclide soil 
action level panel and included 
three scenarios front the previous 
DOE/EPA/CDPHE assessment. 
We created our scenarios to 
ensure that if the person living 
onsite full-time is protected, then a 
person living offsite will be 
protected. 

' 

in  which the panel expressed primary interest. Selecting 
parameter values for breathing rate and soil ingestion 
were based on published breathing rate studies. We 
defined distributions of breathing rates for active and 
sedentary adults, children and infants. Using these 
distributions and the recommended breakdowns of daily 
activity for each scenario, we created distributions of 
scenario breathing rates. We then selected the 95th 
percentile value .from that distribution for the annual 

similar ~ process. wasr used to 
~~ - . _ =  ~ 

. ~ ~~. . . ~- 
~~ . -. ~ 

Recause this study wus 
prospective arid Itad the goal of 
protecting potentially exposed 
people from radiation in the 
future, we Considered several 
exposure scenarios to cover the 
varied arid possible uses of the 
land in the future. 

. ~ ~ =~ ~~ 

establish soil ingestion rates for the hypothetical individuals iii-die scenarios.-While soil -ingestion = ~- 

rates based on studies conducted from a few days to a few weeks are valid and important studies, 
i t  is important to carefully consider the implications of translating this daily soil ingcstion rate to 
an annual soil ingestion rate. For these reasons, we have selected the 50th percentile, or median, 
of the distribution as the daily soil ingestion'rate for our scenarios. 

For the remaining parameters, we used the literature to select values, which i n  sonic cases 
differ from the RESRAD default values or the DOEIEPNCDPHE scenarios (DOEEPAICDPHE 
1996). For example, we included the drinking water pathway i n  our assessinent and ;Issiinicd an 
annual drinking water intake of 730 liters per year. The current IIOE/EPA/CDPHE scenarios did 
not include drinking water as a potential pathway. We also recominendcd higher annual 
consumption rates for fruits, vegetablcs, and grains based on published literature valucs than  
those used in the previous assessment. All scenario-related parameters ;Ire treatzcl 
deterministically i n  this analysis. Table 5 summarizes the key features of the exposure punicters  
used i n  our calculations. 

. . 
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Table 5. Scenario Parameter Values for DOE and RAC Scenarios 
DOEEPNCDPHE 

scenarios RAC scenarios 
Nonrestrictive 

Child of Infant of Site 
Open Office Resident rancher rancher industrial 

Residential space worker rancher ( I O  yr) (2 yr) worker Parameter 

Scenario name 
Dose limit (mrem y-I) 
Time on the site (h y-I) 
Time indoors onsite (%) 
Time outdoors onsite (%) 
Breathing rate (ni' y-I) 
Soil ingestion (g y-') 
Irrigation water source 

Irrigation rate (m y-') 
Onsite drinking water 

Drinking water ingestion 

Drinking water ingestion 

Fraction of contaminated 
homegrown produce 

Fruits, vegetables and 
grain consumption (kg 

source 

(L d-I) 

(L Y-1) 

Y - 7  
Meat (kg y- ' )  
Milk (L v-' ). 

DOE- 1 
15/85 
8400 
IO0 
0 

7000 
70 

Ground- 
water 

I 
no 

na 

na 

I 

40. I 

na 
na 

DOE-2 DOE-3 
85 
I25 
IO0 
0 

175 
2.5 
n a' 

na 
no 

na 

na 

0 

na 

na 
na 

85 
2000 

IO0 
0 

1660 
12.5 
NA 

na 
no 

na 

na 

0 

na 

na 
na 

RAC- I 
15 

8760 
60 
40 

I0800 
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METHODOLOGY FOR DETERMINING SOIL ACTION LEVELS 

RAC's method of calculating RSALs used a mathematical technique called sum-of-ratios. 
This method determines a ratio of the  concentration of each radionuclide i n  soil divided by the 
respective soil action level. For a single radionuclide, scenario, and dose limit, the soil action 
level is that concentration of the radionuclide in the soil that would lead lo a maximum predicted 
annual dose equal to the annual dose limit. When considering multiple radionuclides, 11 ratio is 
determined for each radionuclide, then the ratios are summed for all of the radionuclides. I f  the 
sum exceeds 1 for one or more of the exposure scenarios, then some action or special attention is 
indicated. If the sum of ratios is less than or equal to I ,  the interpretation is that no annual dose 
limit would be exceeded, and by that criterion the radionuclide levels are acceptable. If only one 
radionuclide is present, the sum of ratios reduces to a single ratio, but the interpretation is the 
same. 
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Each soil action level can be calculated in two ways: deterministically or stochastically 
(where uncertainties are considered). When calculated deterministically, the soil action level 
represents a single number, typically without indications of 
uncertainty. In this case, when the ratios of radionuclide 
levels divided by soil action levels are summed and 
compared with 1, the win of ratios is itself a deterministic 
quantity; that is, a single number, with typically no 
indication of uncertainty. This is the approach used in  the 
interim soil action level calculations (DOE/EPNCDPHE 
1996). 

Yet the movement of each radionuclide through 
environmental media and into possible contact with people 
is an uncertain process, and mathematical models are used 
to simplify these processes. The natural variability and lack 
of complete knowledge about the parameters means that 

A deterministic calculatiott 
itzvolves input factors, or 
parameters, that are single 
numbers with the result 
being a single number. On 
the other hand, a stochastic 
calculation takes into 
account the uncertainties of 
the input parameters, arid 
results in a distributiotz of 
possible results. 

the model parameters are treated as variables with probability (or uncertainty) distributions. In 
this case, the end result of the model calculations, the soil action levels and sum of ratios, retlect 
the uncertainty of the input parameters. This stochastic approach presented the data and input 
parameters as probability distributions, using mathematical methods called Monte Carlo methods 
to propagate uncertainty to the results. Many simulations are carried out using random sampling 
to select values from the distributions of model parameters. This gives a range of results. The 
process of Monte Carlo sampling is described graphically in Figure I .  

When uncertainties in soil action levels are considered, the decision about the extent of 
cleanup may not be so straight-forward as in  the deterministic case, when the sum of ratios is ;I 

single number that is to be compared to I .  When the calculation is stochastic, the sum of ratios is 
a distribution of values. In this case, a decision must be made on how probable i t  is that the sum 
of ratios exceeds one. If that probability i s  small, then a decision may be made t h a t  no action is 
required, even though there is some possibility that the annual dose limit could be exceeded. 

One important quantity we had to know to compute the sum of ratios w;is the actual 
concentrations of radionuclides in the soil at Rocky Flats. We were able to determine these 

soil at Rocky Flats i n  1974 and corrected to the 
current time. We used these actual concentrations of radionuclides insoil-within the-stochastic-= ~ = 

calculation. 
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Parametric Uncertainty 
Analysis 

Deterministic 
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(Parameter) (Result) 

Stochastic (Monte Carlo) 
Distribution of A Distribution of Y 

Samde randomlv from A . . . Construct Y 
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random 
value.. . Model 

Assemble 
the results 

Figure 1. The Monte Carlo method for doing stochastic calculations. The model is run 
numerous (N) times, each time with a different value for the input parameter, A, randomly 
selected from the probability distribution. The model calculates the numerous (N)  output 
valued for Y, which are constructed into the form of a distribution. 

In summary, our methodology incorporates environmental dose models that estimate dose 
from specified concentrations of radionuclides in environmental media and the specified annual 
limit for radiation dose to each scenario receptor resulting from exposure to Rocky Flats 
radionuclides. The exposure pathways considered included inhalation, soil and food ingestion, 
and external irradiation. In addition, groundwater use for both irrigation and drinking water was 
assumed for some scenarios. We also considered the effect of a prairie fire, which would remove 
the vegetative cover and result in increased resuspension of soil for a period of time, because such 
a fire, although not common, is possible 

INDEPENDENT CALCULATION OF THE SOIL ACTION LEVEL 

RAC presented the results of its independent assessment and calculation of radionuclide soil 
action levels at Rocky Flats in  the Task 5 report (Killough et al. 1999b; Attachment B). For the 
calculations, we used the RESRAD Version 5.82, an updated version of the RESRAD program 
used for the earlier calculations. Details of our technical approach for determining isotopic ratios, 
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estimating concentration of plutonium in air, calculating alternative groundwater dose from 
measurements in the literature, providing perspective on risk, and describing other computational 
details of the RSAL calculations are part of Appendix B of this current report (Killough et al 
1999b). We developed and illustrated the methodology for selecting RSALs for the Rocky Flats 
site and presented the results as distributions of possible values for each of seven exposure 
scenarios. Each scenario specifies an annual limit for radiation dose to the receptor resulting from 
exposure to Rocky Flats radionuclides. We illustrated how the methodology can be used to select 
RSAL values for a particular probability of not exceeding the prescribed dose limit. Radionuclide 
soil action levels are presented for plutonium isotopes for seven scenarios: the three DOE 
scenarios and the four RAC scenarios, and for uranium isotopes (234U, 235U, and 238U) for three 
scenarios: the DOE resident (DOE-I), the RAC rancher (RAC-l), and RAC child (RAC-2) 
scenarios. We also explained the scenarios, important pathways, and radionuclides contributing to 
dose. 

The results are described for each of the seven exposure scenarios'. For the DOE scenarios, 
we calculated RSALs stochastically using our methodology. Therefore, the results of the 
calculations cannot and should not be directly compared because of differences in the methods 
and parameters used. For the three DOE/EPA/CDPHE scenarios, these differences are attributed 
to the differences in the dose conversion factors (we used the more recent ICRP Publication 72 
DCFs, which tend to be higher for ingestion and lower for inhalation) (ICRP 1996), and the 
resuspension model used in the RAC calculation, which results in a lower concentration of 
plutonium in  air for a given soil concentration than the original DOEEPNCDPHE calculation. 
Consequently, the relative importance of the inhalation pathway diminishes in our calculation. 
Our RSALs include the suni-of-ratios calculation whereas the DOE/EPA/CDPHE RSALs do not. 

DOE-I (residential): This scenario was part of the original RSAL calculation 
(DOE/EPA/CDPHE 1996). The RSALs calculated with our methodology represented this 
same scenario calculated stochastically. Using the RAC methodology, at the 10% level (90% 
probability that the dose limit would not be exceeded), the RSALs are 170 pCi g-l for the 15 
mreni dose limit and 960 pCi g-l at the 85 mrem dose limit. Soil ingestion accounts for over 
90% of the total dose, followed by inhalation ( 5 % )  and external exposure (3%). This differs 

= substantially from the -breakdown of dose by pathway and nuclide i n  DOEEPNCDPHE - -.__ . - -  - 

- _ - - - -  ~ 

- - _ _  (l996), where, for 239Pu, inhalation was the pathway of concern. - 

on the final calculations and revisions to the Task 5 report. 

Risk Assessment Corporation 0 

DOE-2 (open space user): This scenario resulted in the highest (least restrictive) RSALs. I t  
assumes that the site remains as open space and will not be developed in the future. The total 
dose was dominated by the external exposure (ground) pathway followed by the soil 
ingestion pathway. This breakdown is similar to the breakdown of doses determined by 
DOE/EPA/CDPHE ( 1996), except inhalation was more important in the DOEEPNCDPHE 
calculation. Like the DOEEPAKDPHE resident, these differences are attributed to several 
factors that include dose conversion factors and resuspension. The ICRP Publication 72 DCFs 
that were used in our calculations tend to be higher for ingestion and lower for inhalation. 
The resuspension model used in our calculation results in a lower concentration of plutonium 

It is important to note that the RSALs provided in this draft summary report may change based I 

"Setting the standard in environmental health 'I  
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i n  air for a given soil concentration than the original DOEEPNCDPHE calculation. 
Applying the 15 mrem dose limit to our calculations results in RSALs at the 10% level (a 
90% probability that the 15 mrem dose limit will tior be exceeded) for "9Pu of 1700 pCi g-'. 

DOE-3 (office worker): This scenario was part of the original RSAL calculation 
(DOEEPNCDPHE 1996). The RSALs presented here represent this same scenario 
calculated stochastically using the methodology RAC developed. As an example of the RAC 
methodology, the RSALs at the 10% probability level (90% probability that the dose limit 
would iiot be exceeded), are 620 pCi g-' for the 15 mrem dose limit and 3500 pCi g-' at the 
85 mrem dose limit. Soil ingestion accounts for over 90% of the total dose followed by 
external exposure (6%) and inhalation (3%). As with the other two DOE scenarios, this 
differs substantially from the breakdown of dose by pathway and nuclide in 
DOEEPNCDPHE (1996), where for 239Pu, inhalation was the  pathway of concern. Like the 
DOEEPNCDPHE resident and open space user, the office worker scenario differences are 
attributed to several factors that include dose conversion factors and resuspension. 
Consequently, the  relative importance of the inhalation pathway diminishes in our 
calculation. 

RAC-I (resident rancher): For the M C  scenarios (Table 5 ) ,  the  nonrestrictive or full-time 
resident rancher scenario assumes future  loss of institutional control. The rancher is raising a 
family, maintaining a garden, and leading an active life at the site. Of the 8760 hours spent at 
the site, over 40% is spent outdoors. We calculated soil action levels for two cases: one that 
considered the vegetation cover currently at the RFETS and the  other that considered 
conditions after a fire that burned off most of the vegetation and no longer provided stability 
to the surface soil. We also consider groundwater as a source for irrigation and drinking 
water. When the water pathways are on for this scenario, the dose i n  the no-fire situation is 
lower (RSALs higher) than the same situation with the water pathways off. This is because 
the assumed irrigation rate of I m y-I, combined with some radionuclide movement, results in 
a substantial increase in t h e  removal of radionuclides from surface soil via leaching without 
the  actinides reaching the aquifer during the duration of the simulation. For the fire scenario, 
results with the water pathway on and off are almost identical because doses are driven by 
inhalation of resuspended soil. For the no-fire scenario, soil and plant ingestion account for 
-90% of the total dose. For the fire scenario, inhalation accounts for most of the dose. Soil 
and plant ingestion are based on fixed parameters (soil ingestion rate, mass loading on, plants, 
root uptake, and plant ingestion rate), while inhalation is dependent on the air concentration, 
which is considered stochastically in  the calculation. Consequently, the distribution for the 
no-fire occurrence exhibits less variability compared to the occurrence of fire because 
parameters treated stochastically only account for -4% of the total dose. 

RAC-2 (child): The child of the rancher family is assumed to be 10 years old and onsite 8760 
hours per year. Like the resident rancher scenario, RSALs for the  child scenario were 
calculated for two cases: one that considered the vegetation cover currently at the RFETS and 
the other that considered conditions after a fire burned off most of the vegetation, 
compromising stability of the surface soil. The scenario including the effects of the fire may 
yield the most restrictive RSALs. When t h e  water pathways are on for this scenario, the dose 
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in t he  no-fire situation is lower (RSALs higher) than the same situation with the water 
pathways off. As with the resident rancher scenario, the assumed irrigation rate of I m y-I, 
combined with some radionuclide movement, results in a substantial increase i n  the removal 
of radionuclides from surface soil via leaching, without the  actinides reaching the aquifer 
during the duration of the  sirnulation. When the effects of the fire are considered, the 
resulting doses with the water pathway on and off are almost identical because doses are 
driven by inhalation of resuspended soil. When the fire is not included, soil and plant 
ingestion account for -90% of the total dose. When the fire is considered, inhalation accounts 
for over 80% of the dose with the remainder made up by plant and soil ingestion. Soil and 
plant ingestion are based on fixed parameters (soil ingestion rate, mass loading on plants, root 
uptake, and plant ingestion rate), while inhalation is dependent on the air concentration, 
which is considered stochastically in the calculation. 

RAC-3 (Infant of rancher): The infant in  rancher family is 2 years of age and onsite 8760 
hours per year. Like the rancher scenario, RSALs for the infant scenario were calculated for 
two cases: one that considered the vegetation cover currently at the RFETS and the other that 
considered conditions after a fire that burned off most of the vegetation, compromising 
stability of the surface soil. The fire scenario may provide the most restrictive RSALs. When 
the water pathways are on for this scenario, the dose in the no-fire situation is lower (RSALs 
higher) than the same situation with the water pathways off. This is because the assumed 
irrigation rate of I m y-I, combined with some radionuclide movement results in  a substantial 
increase i n  the removal of radionuclides from surface soil via leaching, without the actinides 
reaching the aquifer during the duration of the simulation. When the fire is considered, the 
doses with the water pathway on and off are almost identical because doses are driven mainly 
by inhalation of resuspended soil. The results for this scenario differ from the rancher and 
child scenario where the ingestion of food products (milk, meat, and vegetables) made u p  a 
larger fraction of the total dose. For the infant scenario, doses from the ingestion of food 
products accounted only for less than 0. I % of the total dose. tnhalation accounts for almost 
80% of the dose for the fire occurrence, with the remainder made u p  by soil ingestion. Soil 
and plant ingestion are based on fixed parameters (soil ingestion rate, mass loading on plants, 
=ro.ot-.uptake., and plant inoe5tion rate), while inhalation is dependent on the air concentration, 
which is considered stochastically in the calculation. 
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RAC-4 (onsite worker): The current onsite industrial worker scenario assumes a person 
works onsite 8Y2 hours per day, 5 days per week, 50 weeks a year, or 2100 hours per year. It 
is assumed that 60% of the worker's time is spent outdoors. The potential pathways of 
exposure for this person include inhalation, direct soil ingestion from outdoor activities, and 
direct gamma exposure from the soils. The annual breathing rate is 3700 m3 per year, based 
on a time-weighted average of breathing rates and activity levels for the time spent onsite. 
This scenario restricts the amount of time the receptor is onsite and ingestion pathways are 
limited to soil. Consequently, RSALs are considerably higher compared to the rancher, child, 
and infant scenarios. In addition, the dose limit for this scenario is set at 85 mrem, compared 
to the rancher, child, and infant scenarios set at 15 mreni. Doses are dominated by soil 
ingestion (68%), followed by inhalation (23%) and external exposure (9%). This scenario 
may be important i f  land use at the RFETS is restricted to industrial operations and office 
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al. 1999b). Distributions of radionuclide soil 
action levcls \\.ere presented for plutonium 
isotopes for seven scenarios: the three DOE 
scenarios and the four KAC scenarios. For 
each of the R.4C scenarios, soil action levels 
tvere calculated for two cases: one that 

thc RFETS aiid the other that considered 
conditions after a fire. Follo\ving a fire, it \vas 
assumed that most of the vegetation would be 
burned off arid would no longer provide 
stability to the surfacesoil. 

considered the vegetation cover currently at 
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~ 1 , ~  nn,ol(,lts c!frlle rclrlionrtcli~les 
corls;flcrcrl i,, tile cnjc,rl,r~;oll ancl 
present in soil cleterijtitzc(/ rcklti1ye 
tc, ,739.2JU Pu. They w e :  

Rn&or2rccfir/e ~ ~ l ~ ~ ~ i , , ~  cnncent,.at;on 
r.i9.rropu I 
-7qiAnl 0.111 

2J N-J 0.000000 786 
'.ishr 0.0132 
- 7 ~ - 7 ~ ,  0.00000 762 

space. Using the RAC nicthodology at the 10% l e d  (90% probability that the dose l imit  
would no1 be exceeded), the soil action levels arc about 850 pCi g-' for an 85 nircni dose 
I i ni i t . 

For each scenario, we presented distributions of the radionuclide concentration as a hnction 
of the probability of exceeding the dose limit. An example of the calculational output is shokvn i n  
Figure 2. For example, if one chose RSAL values at the 5% to IO% probability level, this nicans 
there is a 90% to 95% probability that the dose limit will no1 be esceeded. 

I '  

. 5  - - - - - - - - - -_----  

10% chance of exceeding RSAL 
(or 90% chance ol  NOT exceeding RSAI,) 

$YO chruicc of exceeding RSAL 
0 

Figure 2. Sample o€ the results of our calculations. Each radionuclide soil action level 
(RSAL) valuc is related to a probabilit!. of exceeding the dose l imit  iniposcd on the scenario. 
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background, but tlic Iiiston of this contaniination is different from that of tlic americium and 
plutonium froni the 903 Area. For uranium, we assumed fiscd isotope ratios for the ""U, '%J~ 
and "'U present at tlie site and expressed the composite uranium levcl in terms of a single 
isotope, U. The reported calculations incorporate estimates of parameter uncertainty, and 
results for each scenario arc presented i n  ternis of the probability that tlie dose l imit will not be 
exceeded, givcn lcvels of -'- - Pu and 2-"U. 

The signi ticance of ground\vater contamination exposure froni irrigation and drinking water 
ingestion was evaluated. Our calculations sho\ved that, in general, it takes greater than 1000 years 
for radionuclides to travel froni the contaniinatcd surface zone to the aquifer. For the year of 
maximum predicted dose (the first year., or in 2000), no activity would reach tlie groundwater, so 
no dose is predicted from this pathway. However, we stressed that the groundwater pathway is 
very coniplex~ and its treatment within the RESRAD code is quite simplistic and may not 
adequately address the impact of groundivatcr over time. Future research into groundwater 
transport properties at Rock). Flats or new disco\wics about site-specific distribution coefficients 
could affect tliesc calculations and may need to be taken into account. Hoivcvcr, rapid transport 
via groundwater pathways would act to deplete surface contamination, and the increase in 
groundwater concentration would likely be offset by the decrease in surface soil concentration. 
Therefore, althougli changes in  estimated transport of radionuclides through the groundwater may 
occur as better information is discovered, we believe these changes will likely not be great 
enough to cause the dose l imi t  to be exceeded. Results of our RSALs calculation arc summarized 
in  Attachmcnt B. 

RSALs were also presented for uraniuni isotopes ('"'U, "'U, and '"U) for tlircc scenarios: 
the DOE resident (DOE-I), tlie ltAC rancher (lL4C-I): and IUC' child (l(AC:-2) scenarios. The. 
DOE rcsidcnt sccriario \vas chosen for comparison with RAC's methodology. The ranchcr and 
child scenarios werc chosen because these scenarios yielded the most restrictive RSALs for 
plutonium. A significant difference between the DOE methodology and our methodology was the 
area of contamination assigned to uranium contamination. The DOE methodology assumed thc 
aria of uranium contamination \vas t ~ i c  sanic as plutonium (40,000 111'). Our invcstigation 

' indicated that uraniuni contamination is not as \videspread as plutoniuni contamination and is 
mainly liniitcd to past disposal arcas or burn pits. Therefore, we trcatcd the uranium 

-contamination as a hot spot-and rrcstrictcd its-area I gO-Iil', For uranium, the major pat1iu:ays of 
cxposurc depended on \vliethcr a fire \vas assunicd. Without a tire, extenid -exposure -froni the -== ~ -= 

ground \vas dominant; ivit l i  a fire: inlialation \\-as tlic iiiajor pathway. 
We also considered the question of exposures offsite if institutional controls arc imposed that 

prevent tlic public from using the land i n  the lorig-term hture. I n  that case, the nearest resident 
could live LO tile east of tlie facilit?~ at Indiana Street. IIAC calculated offsite dose to an individual 
living offsite frotii resuspended plutoniuni originating onsite. As an csaniplc of our calculations, 
the RSAL corresponding to the 5% to 10% lcvel of probability is approsimatcly 30 pCI g-'. This 
offsite resident receives the majority of the total dose from resuspension and inhalation of 
contaniinatcd soils. as \vel1 as deposition of tliosc resuspended soils, making them available for 
ingestion. 
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SOIL SAMPLING PROTOCOL 

An important goal of the project \\as to develop tccommciidattoiis for a soil sampling 
protocol for use at tlic RFETS to obtain soil concentration data €or comparison to tlic soil action 
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levels. Sampling protocols arc written descriptions of  the detailed procedures to be followcd in 
collcctiiig, packaging, labeling, preserving, transporting, and documciiting the samplcs. 
Attachment C contains the soil sampliiig protocol recoiiiinciidations, reviews existing proccdurcs 
and protocols for soil sanipling, evaluates tlie qualit!, assurance procedurcs for sampling, and 
describes soil sampling protocols bascd on statistical incthods detail (Thome and Rood 1999). 

Sampling protocols arc gcncrally devclopcd using clcarlj. dcfincd guidclines by the EPA aiid 
DOE. These guidelines incorporate the iterative data qualit!. objective (DQO) proccss and requirc 
DOE and i ts contractor to evaluate several important considerations. These considcrations includc 
evaluating sampling and analytical costs in relation to availablc resourccs and accepting potential 
decision errors that niay result in remediating sites that are judgcd contmiinatcd when thcy are 
actually below tlic soil action levels. Converscly, dcvclopiiig a sanipliiig protocol must also 
incorporate tlic concerns of tlie geiicral public aiid othcr stakcholders, which arc represcnted by 
the RSALOP aiid thc soil action level study. Because o f  tlic complesity of developing sainpling 
protocols, with the inherent necd to balance the coiiccnis of DOE and the RSALOP, developing a 
comprehensive sainpling protocol was not considered possible. Rather, RAC reconiniended 
elements o f  a soil sainpling protocol considered essential to ensure that representative soil 
samples are collected for comparison to the soil action levcls. These recommendations were 
provided to the RSALOP for presciltation to DOE and its contractor, Kaiser-Hill Company, for 
incorporation iiito the soil sampliiig protocol and procedures to be used for thc soil action level 
study. 

/(AC conducted a rc i icw of t l ie current sampling progain uscd at tlic RFETS and found tliat 
a spccific sampling protocol for tlic soil action Ic \~c ls  study had riot been dcvcloped. However, 
during this reviav. scvcral procedures werc identitied that arc available it1 thc Rocky Flats 
program for. incorporation iiito a sampling protocol. Currciit procedures for packaging, labeling, 
prescrving, transporting, and documenting the samples were considcred appropriate for use in a 
soil sampling protocol for tlic soil action levels study. Therefore, the niain eniphasis o f  the 
sampling protocol recoinniendatioiis reported in Task 6 (sce Attachment C )  was directed toivard 
saniple collcctioii and sampling designs. Task 6 revie\vcd scvcral methods currently in usc at thc 
RFETS for collcctiiig soil samples. Thc niain conccrn tvith samplc collectioii \vas to ciisure that 
representative samplcs of the surface soil (i.c.. 0 to 20-cni dcpth bascd on tlic conceptual model 
for the soil action levels)  arc collcctcd. Soil samplc collection protocols must bc bascd upon the 
conceptual model used to derive the soil action Icvcls to ciisure that rcprescntative soil samples 
are collected. 

Task 6 also prcsciitcd rccornriicndations for a soil sampling protocol to support the final 
status surve\:. The final status surve!. deterniines the final condition o f  thc site and is pcrforiiicd 
aftcr dccoiitamination activities are coniplcte. This survey provides the data to denionstratc that 
radionuclide conceiitrations in soil satisfy the established soil actioii Ievcls. On the othcr hand, 
recommendations for a sampling protocol in support o f  remedial action were not dcvelopcd for 
the Task 6 report. Soil sampling in support of rcmedial action is an important concept, Iiowcver, a 
large nuinbcr o f  soil saiiiplcs have already been collected for use in evaluating the nature and 
cstcnt of contaminatioii in the surface soil at the RFETS (see tlic Task 3 report). Several studies . 
detailing the naturc and estcnt of  contamiliation in the surface soil at the RFETS have also becn 
coiiductcd and are available for use in cvaluating rcincdinl rcquirenients. 
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IUC provided scvcral rccotiiiiictidations for the support of dcvcloptng a surfacc-soil 
Thc folloiving list suiiiniartzcs sonic of the sampling protocol for the fil ial status surve? 

rccomniciidations (sec Attachtiicnt C for the f i t l l  list) IUC' rcconinicndcd that 
The data quality objcctivc (DQO) process be used to develop the soil sanipling protocol 
for the final status sunlcy. 
DOE appoint representativcs froin thc RSALOP for inclusion 011 tlic DQO planning team 
The RSALOP select discrete values from the soil action level distributions, for each 
radionuclide, and USC these discrctc values for comparison to the soil concentration data. 
Soil samples be collcctcd using profile sampling. 
Profile sanipling be conductcd in soil dcpth incrcmcnts of 0-3 en1 to bc consistent with 
the resuspension model parameters uscd to develop the soil action levels. 
Soil samples should not be conipositcd; rather, individual soil samples should be 
analyzed for radionuclide contaminants. 
Soil samples be collected using a systeniatic grid sanipling design, with a random starting 
point . 
A statistician familiar with thc RFETS and environtiiental statistical designs be includcd 
on the DQO planning team. 
The arithmetic mean of the soil concentration data and its associated uncertainty at the 
upper 95% confidence intcrval be used for comparison to the soil action levels. 
The non-parametric statistical tests, called MARlSSlM and developed by the Nuclear 
Rqylator!: Conitiiissiori'in 1997: not be uscd for tlic soil action lcvcl stud!. because thesc 
tests compare tlic nicdian valuc of the saniplc distribution to the soil action Icvcls. 
Spatial correlations bc investigated to dctcrniinc their prcscncc in the survey .unit of 
intcrest. 
in situ gmiitiia spcctroscop!. nicasurcnicn[ bc pcrforriied to idcutif! potential hot spot 
locations. 
Hot spots identified b!. soil samples or in situ ganima spectroscopy mcasurcnients be 
invcstiytcd further to deliticate the size of the hot spot and to determine the upper 95% 
coiifidcncc interval of the nican radionuclide conccntrations contaitied i i i  the hot spot. 
Tlic usc of surrogatc nieasurenicnts i n  the final status survey. 

CONCLUSIONS 

Thc nictliodolog). and esamplcs of /UC's iridcpcrident assessnictit of soil action levels for 
scvcn csposurc scenarios are provided for the panel and others to use. The final selection of a 
radionuclide soil action lcvcl depends on a iwict!' of important considcrations. Sonic of these 
factors that must be considcrcd by the panel and other agcncics involved i n  the process includc: 
the csistcncc o f  iiistitutioiial controlst tlic probabilit!. of  csceeding the dose limit, thc effect of 
time, the cost of cleanup, thc risks associated \\:it11 clcntiup and the prcscribcd dose limit of I5 
nircni. the lifctinic risk from plutoniuni csposurc, public acceptatlcc of thc results, and the 
background of plutoniuni i n  the eiivironmcnt. Thc background level for plutonium in thc 
cnvirontiicnt around Rock!, Flats is about 0.008-0. I pCi 2.'. We did considcr background i n  thc 
calibration of thc rcsuspcnsioti model. 
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We caution that it  is not at a11 instructivc to coniparc our results to thc rcsults obtained i n  thc 
previous DOE/EPA/CDPHE (1996) asscssiiient. In our final report, \ve iiicludcd the effccts of a 
grass firc on the calculation of soil action levels i n  a probabilistic way for every scciiario. Even 
without the fire, similarities of niagnitude bct\\;ceii previous IUC calculations and nunibcrs 
included in  the DOEEPNCDPHE document are not particularly surprising, but the!. do not 
reveal much about the nicthodologies uscd in calculating them. It is impomit to kcep i n  niiiid 
that the two sets of calculations were performed \ \ d h  ( I )  diffcrerit dose conversion factors and (2) 
different resuspension modcls and data. Additionally, (3) in thc DOE calculation, the priiicipal 
pathway was inhalation; in thc corresponding IL4C cstiniate, it was ingestion, aiid (J), the DOE 
calculation was deteriiiiiiistic, whereas examples of RSAL numbers using the RAC nictliodology 
presented here reprcsciit the 90th percentile of a stochastic simulation. If \vc put a KAC' simulation 
that involves the firc side by side with a DOE estimate that docs not consider a firc, we \vi11 run 
the risk of pronioting an applcs aiid orarigcs coriiparison. Our purposc was to show how thc 
assessment should bc done and to present numcric rcsults that demonstrate our methods. Wc 
strongly caution against coinparing the rcsults of thc ttvo scts of calculations, as the calculations 
involve diffcrent assumptions and calculations, and the rcsults arc prcsciitcd i n  different formats. 

' 
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TASK 1: CLEANUP LEVELS AT OTHER SITES . 

INTRODUCTION 

Soil action levels are calculated to identify the concentration of one or more radionuclides i n  
the soil above which action should be taken to prevent people from receiving unacceptable 
radiation doses. The soil action levels for radionuclides calculated for the Rocky Flats 
Environmental Technology Site (WETS) by the U.S. Department of Energy (DOE), U.S. 
Environmental Protection Agency (EPA), and the Colorado Department of Public Health and 
Environment (CDPHE) have come under scrutiny because of lack of public involvement 
throughout their development. As a result of public concern, DOE provided funds for the 
Radionuclide Soil Action Level Oversight Panel (RSALOP) and to hire a contractor to conduct an 
independent assessment and calculate soil action levels for Rocky Flats. Risk Assessnienl 
Corporation (RAC) was hired to perform the study. The Rocky Flats Citizen’s Advisory Board is 
administering a grant for the review. 

The first task of the study (Task I :  Cleanup Levels at Orher Sites) was designed to provide 
the RSALOP with a clear and unbiased evaluation and comparison of previously developed soil 
action levels for the WETS and other facilities. This report documents the findings of Task 1. 

SOIL ACTION LEVELS AND CONCENTRATIONS AT OTHER SITES 

A number of national and international sites have established soil action levels, cleanup 
criteria, or soil concentrations that are either calculated or measured. These soil action levels have 
been determined to be protective of human health based on a reasonable land use scenario and 
predetermined dose criteria. This section briefly summarizes each site in t e r m  of the dose, 
scenario, and pathways used to calculate the cited soil action level. A later section of the report 
describes the details of each calculation, irlcluding important parameter values, and provides 
equitable comparisons, where possible. 

The one constant across all  the sites is that the soil action level was calculated or soil 
concentration determined for 2393240Pu. This concentration is provided for each site. Where Am 
soil concentrations are available, they are also given. 

Icocky Flats Environmental Technology Site 

~ - - _  ~- 

~ -- = - - -  - _ _ _ _  _ _  
~ -~ 

- - The sites evaluated in  this analysis are - = - = - _  

I-tanford, Washington 
Nevada Test Site 

0 US. Nuclear Regulatory Commission (NRC) codes for remediation 
0 Johnston Atoll, Marshall Islands 
0 Enewetak Atoll, Marshall Islands 
0 blaralinga, Australia 
0 Sernipalatinsk Nuclear Range, Kazakhstan 
0 ThuIe, Greenland 

Palomares, Spain. 
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~~ ~ 

Rocky Flats Environmental Technology Site 

Soil action levels were calculated for the RFETS and documented i n  a 1996 report (DOE 
1996). The RESRAD computer code (Vu et al. 1993) was used to calculate these action levels for 
three different land use scenarios at hvo different dose levels. 

The three scenarios used i n  the Rocky Flats calculations were ( I )  an open space exposure 
scenario, (2) an office worker exposure scenario, and (3) a hypothetical future resident scenario. 
Action levels were calculated for 241Am,  238Pu, 239.240Pu, 241Pu, 242Pu, 234U, 23jU, and 238U. Soil 
action levels for the open space and office worker scenarios were calculated for the annual 
effective dose equivalent limit of I5 mrem, and the hypothetical future resident scenario soil 
action levels were calculated for both the I 5  mrem and 85 mrem annual effective dose limits, as 
selected by the DOE ( 1996). 

The open space exposure scenario assumed that an individual visited the area a limited 
number of times during the year for recreation (DOE 1996). This recreation might include hiking, 
biking, or wading in creeks. For this exposure scenario, soil ingestion, soil inhalation, and 
external gamma exposure were the pathways considered. The remaining pathways available in 
RESRAD (plant ingestion, meat ingestion, milk ingestion, aquatic food ingestion, ground and 
surface water ingestion, and radon exposure) were not considered (DOE 1996). 

The office worker exposure scenario assumed an individual worked mainly indoors, in a 
building surrounded by paved areas or landscaping. Exposure pathways considered were soil 
ingestion, soil inhalation, and external gamma exposure (DOE 1996). 

The hypothetical future resident scenario assunied that a persoii resided at Rocky Flats all 
year and ate produce grown i n  contaminated soil. Pathways included in  this analysis were soil 
ingestion, plant ingestion, soil inhalation, and external gamma exposure. The pathways removed 
from consideratioii were either incoiisistent with the site conceptual model or not significant 
dosimetrically (DOE 1996). For instance, the groundwater and surface water ingestion pathway 
\vas removed from the analysis because it was assunied that the water found on the Rocky Flats 
site would not be sufficient to support domestic use (DOE 1996). 

In Table I ,  action levels for each scenario (in units of picocuries per gram) are given for 
each dose level for the radioiiuclides 739,240f'i~ and '41Ani. 

Table 1 .  Soil Action Levels for Each Scenario and Dose at the RFETS (pCi 8-l)  
Scenario used for soil action level calculation 

Open Space Office Worker Hypothetical Hypothetical 
Exposure Scenario Scenario Future Resident Future Resident 

( 1  5 mrem y-1) ( 1  5 mreni y-1) ( 1  5 mreni y-1) (85  mrem y-1) Rad ion 11 c I ide 
2;9.r40p1, 9906 I088 252 1429 
I-' I Am 1283 209 38 215 

These action levels are for single radionuclides. That is, each action level is calculated 
assuniing that the radionuclide of interest is the only radionuclide found on site. 
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REVIEW OF r r m  RADIONUCLIDE SOIL ACTION LEVELS AT THE ROCKY FLATS 
ENVIRONMENTAL TECHNOLOGY SITE 

TASK 2. COMPUTER MODELS 

Abstract 

This report discusses Risk Assessment Corporation ‘s approach to soil action levels 
(SALs) in context with some computer programs that can be used to calculate them. A 
mathematical formulation is provided, along with an approach to uncertainty analysis 
with SALs. Dependence of SALs on exposure scenarios is emphasized. Two sets of 
scenarios are presented: ( I )  benchmark scenarios adopted by the Action Levels and 
Standards Framework for Surface Water, Ground Water and Soils (ALF) Working 
Group, consisting of members from the Department of Energy (DOE), the Environmental 
Protection Agency (EPA), the Colorado Department of Public Health and Environment 
(CDPHE), and Kaiser-Hill; and (2) some refined versions, which are provided for 
illustration and discussion. Five candidate computer programs were considered for their 
usefulness in  estimating dose and SALs: RESRAD, MEPAS, GENII, MMSOILS, and 
DandD. RESRAD and GEND tentatively met the requirements set for future 
computations, which included not only appropriateness of the models implemented, but 
also the adaptability of the code to command-line execution from a front-end control 
program. This mode of operation would facilitate customized Monte Carlo analysis, and 
scripted preprocessing of input data and post-processing of output. 

-~~ 
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1. INTRODUCTION 

This report considers specific computer models and methods that might be useful in.the task of 
setting radionuclide soil action levels (RSALs) for the Rocky Flats Environmental Technology Site 
(RFETS). The models here reviewed are RESRAD, MEPAS, GENII, MMSOILS, and DandD. They 
are reviewed for their applicability to this task based on criteria discussed in Section 4. For the 
purpose of this report, RSALs are defined as radionuclide concentration (activity) levels in a 
contaminated layer in soil above which remedial action must be taken to prevent people from 
receiving an annual radiation dose greater than a specified dose limit. The Department of Energy 
(DOE) has performed calculations of soil action levels with the RESRAD program, which is a DOE 
product developed specifically for implementing the agency’s approach to residual radionuclides in 
soil (DOEEPNCDPHE 1996). A part of the scope of this project is to review these calculations for 
choice of the parameters that were used in RESRAD, but the review is placed in the larger context 
of the scientific and technical appropriateness of the models and approach implemented in 
RESRAD, and whether other programs - or other models and approaches - might be preferred to 
the one followed by DOE. The parameter choices for RESRAD are a subject of Task 3. The goal of 
this report is a discussion and comparison of environmental assessment programs that might be’ 
used for developing soil action levels for RFETS; as required by the contract, the comparison 
includes RESRAD. 

Before we can discuss the question of suitability of various computer programs for calculating 
soil action levels, we must make clear our conception of the task to which such programs would be 
applied. The goal is to protect people who may, in the near or distant future, come into contact with 
a site where radionuclides contaminate the soil at levels above background. Soil action levels are 
quantities. one or more per radionuclide, that are computed on the basis of environmental transport 
models, annual radiation dose limits, and formal assumptions (called exposure scenarios) about the 
nature and extent of possible contact that people might have with the site. For a single radionuclide, 
scenario, and dose limit, the soil action level is that concentration of the radionuclide in the soil that 
would lead to a maximum predicted annual dose equal to the annual dose limit. For multiple 
radionuclides, the criterion is more complicated. The concentration of each radionuclide is divided 
by the respective soil action level, as previously defined. The ratios are summed for all of the 
~Fadionuclides, and’if the sum exceeds I -for one or more of the-exp-osure scenarios, some action or 
special attention is indicated. Otherwise (the sum of ratios is less than or equal to I ) ,  the 
interpretation is that no annual dose limit would be exceeded, and by that criterion the radionuclide 
levels are acceptable. If only one radionuclide is present, the sum of ratios reduces to a single ratio, 
but the interpretation is the same. Section 2 goes into detail about the definition of soil action 
levels, the environmental transport models, and the exposure scenarios. 

.Our immediate point is that for each radionuclide in the soil, we calculate a quantity called a 
soil action level, which depends on environmental transport models, annual radiation dose limits, 
and exposure scenarios. As a matter of common practice, each soil action level is calculated 
deterministically, which is to say that i t  represents a single number, typically without indications of 
uncertainty, Similarly, when the  ratios of radionuclide levels divided by soil action levels are 
summed and compared with I ,  the sum of ratios is itself a deterministic quantity, that is, a single 
number, with typically no indication of uncertainty. 

Yet the movement of each radionuclide through environmental media and into possible contact 
with people is a n  uncertain process. Although this movement is fundamentally constrained by laws 

~ 
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of physics, chemistry, and biology, models are, of necessity, empirical simplifications of reality, 
and much of the parametric information on which the models depend is not well .known. 
Contemporary modeling practice explicitly recognizes this state of affairs by treating model 
parameters and state variables as probability (or uncertainty) distributions, and the calculation 
propagates the joint uncertainty in  the parameters through to the endpoints of the calculation, 
which, in the case at hand, are the soil action levels and sum of ratios. 

When uncertainties in soil action levels are considered, the decision is not so straightforward 
as in the deterministic case, when the sum of ratios is a single number that is to be compared to 1. 
When the calculation is stochastic (Le., takes uncertainties into account), the sum of ratios is a 
distribution, and one must base a decision on how probable ir is that the sum exceeds 1. If that 
probability is small, then one may be willing to forgo action, even though there is some 
acknowledged possibility that some annual dose limit could be exceeded (indeed, that possibility 
nearly always exists, even though many conventional calculations do not explicitly recognize it). 
Section 2.2 goes further into this question. We make the point here, however, that the development 
and interpretation of soil action levels should follow contemporary methods for incorporating 
uncertainty into environmental transport modeling. Accordingly, we consider the suitability of 
various computer programs to provide the necessary machinery. 

This report summarizes and compares five prominent computer programs that are configured 
for environmental assessment: RESRAD, MEPAS, GENII, MMSOILS, and DandD. All of these 
programs have been developed with support from government agencies, and all have versions that 
install and execute under Microsoft@ Windows 95 or NT. RESRAD, as we mentioned above, is 
intended to be used in connection with analyzing remediation of radionuclide-contaminated soils at 
DOE facilities. DOE generally grants access to RESRAD to DOE employees and contractors on 
DOE-funded projects. MEPAS. which was developed at Pacific Northwest Laboratories (PNL) and 
is now commercially marketed, is a large multimedia environmental transport program of extensive 
scope, which is applicable to radioactive and nonradioactive pollutants in many environmental 
media. GENU, also developed at PNL, is a highly modular radiological assessment system, which 
provides internal and external dose estimates for exposure through all pathways that are ordinarily 
considered in environmental radiological assessments. GENlI has been under development for more 
than a decade and is unlikely to be modified further by its developers. MMSOILS, which was 
developed for the Environmental Protection Agency, is a large multimedia environmental transport 
program that was designed for screening assessments of chemical contamination. Although it does 
not treat radioactivity and decay chains, it was included in  this review because it could possibly be 
useful for radionuclides in soils by using stable chemicals as surrogates for radionuclides and 
performing auxiliary decay-chain calculations external to the program. MMSOILS executables and 
source code are freely available from an EPA web server. DandD is currently under development by 
Sandia National Laboratory for the U.S. Nuclear Regulatory Commission (NRC). 

We compare these programs with respect to features that are relevant to their possible use in 
computing soil action levels for the RFETS (Section 4). We draw on documentation distributed 
with the programs and on published comparisons by authors who participated in the development of 
the programs (Laniak et al. 1997; Mills et al. 1997). Comparisons of soil action levels developed 
with some of the programs is the subject of Task 5 .  

We hesitate to anticipate parameter uncertainties that may be dominant in methodologies for 
soil action levels until calculations have been done with site-specific data. However, we consider 
the level of uncertainty associated with t h e  resuspension mechanism to be of sufficient concern that 
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TASK 3: INPUTS AND ASSUMPTIONS 

INTRODUCTION 

Soil action levels are calculated to identify the concentration of one or more radionuclides in 
the soil above which remedial action should be considered to prevent people from receiving 
radiation doses larger than a predesignated limit. The soil action levels for radionuclides 
calculated for the Rocky Flats Environmental Technology Site (RFETS) by the U.S. Department 
of Energy (DOE), U.S. Environmental Protection Agency (EPA), and the Colorado Department 
of Public Health and Environment (CDPHE) are being reevaluated because of public concern and 
interest in the methods previously used and the recommended soil action levels proposed. A 
Radionuclide Soil Action Level Oversight Panel (RSALOP) was established and a contractor was 
hired to conduct an independent assessment and calculate soil action levels for the Rocky Flats 
site. Risk Assessment Corporatiotz (RAC)  was hired to perform the study. The Rocky Flats 
Citizen’s Advisory Board is administering a grant provided by DOE for the review. 

The primary goal of Task 3 was to report the results of a sensitivity analysis conducted on 
the inputs and assumptions required for using the RESRAD computer code. Site-specific values 
were derived or uncertainty distributions were created for critical parameters emerging from the 
sensitivity analysis. The sensitivity of each parameter was assessed using the built-in Monte 
Carlo-based sensitivity analysis packaged with the latest version of RESRAD. This sensitivity 
analysis package does not operate in a traditional Monte Carlo mode; rather, i t  allows the user to 
input a range of possible values for a parameter, and the endpoints of this range are evaluated 
separately to show the change in the output result for these different input values. Also included 
in the Task 3 report is the careful evaluation of scenarios for their applicability to potential f u t i m  
land uses. This report describes the process of scenario evaluation and reports the scenarios 
chosen for the independent analysis. 

A Monte Carlo interface for RESKAD has been developed and tested by RAC for use in 
Task 5 ,  ltzdepeticfenr Calciilnrioti. This interface uses the distributions identified in  this task to 
develop uncertainties for dose and soil action level for each of the scenarios. The Monte Carlo 
package developed by RAC uses the probability distributions given in this report as inputs for a 

specific conditions and apply available site-specific- historic data; particularly=air= monitoring and I 
soil concentration data. Results of these independent calculations of dose and soil action level 
will be reported i n  Task 5 .  

~ = -~-=  = = -- stochastic; calculati.on _of dose and soil action levels. The interface is calibrated to reflect site- .~ ~ ~~ 

= ~ _ I _  - -~ 

~ . . ~~ ~ 

Risk Assessment Corporation 
“Setting the standard in environmental health” 

Parameters Explored 

Important parameters for which distributions and/or site-specific values were developed 
were identified by using a sensitivity analysis. The sensitivity analysis was a single-parameter 
analysis, where a range of values for one parameter at a lime was explored to determine its impact 
on the final result. These ranges of values were explored using the built-in Monte Carlo-based 
tool in RESRAD Version 5.82. If  the impact of a parameter value on the final result was large, 
then the parameter was considered to be significant because the calculation was sensitive to 
changes in the parameter value. Based on the sensitivity analysis, the parameters were grouped 
into three categories: ( I )  sensitive parameters, ( 2 )  parameters with limited sensitivity, and ( 3 )  
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parameters not exhibiting sensitivity. We developed uncertainty distributions for the sensitive 
parameters identified using these categories. Of the more than 50 parameters evaluated, the 
sensitivity analysis, which will be described later in  this report, identified the following 
parameters as critical: 

0 Mass loading factor 
0 Area of contamination 
0 Mean annual wind speed 
0 Distribution coefficients. 

We emphasize these parameters in  this report. Other parameters used in the calculation that 
were not sensitive in the analysis are identified but not discussed in detail. Parameter values that 
were not sensitive or marginally sensitive were not changed and are the same as those reported 
previously (DOEEPNCDPHE 1996). The only exceptions were thickness of the contaminated 
zone, depth of soil mixing layer, soil-to-plant transfer factors, irrigation water contamination 
fraction, external gamma shielding factor, and initial concentrations of radionuclides, where RAC 
determined that a different value was more appropriate based on the literature or site-specific 
data. RAC also selected the most current recommended dose conversion factors related to 
insoluble forms of plutonium. 

Difference between Versions of RESRAD 

The original calculations of soil action levels performed by DOE, EPA. and CDPHE used 
RESRAD Version 5.6 1 (DOEEPNCDPHE 1996). Since that time. the code developers have 
released updated versions of RESRAD. The most recent version of the code. Version 5.82. will 
be used for all independent calculations of soil action levels; therefore, we used it  for the 
sensitivity analysis conducted for Task 3 .  Version 5.S2 contains one major difference in an 
important pathway for the Rocky Flats calculations, and that difference focuses on the 
resuspension of soil. The calculation of air concentration of contaminared material has been 
adjusted to reflect the current understanding of resuspension. The change in  the formulation of 
the area factor, sometimes called the enhancement factor, was discussed i n  detail i n  the Task 2 
report. The impact of the change on the results of the DOE scenario calculations is discussed 
here. 

Each scenario, dose level, and radionuclide was evaluated for the inipact of this change in 
the code. With all parameter values held constant, the soil action levels predicted by RESRAD 
Version 5.82 were much higher than those predicted with older versions of the code. The single 
change in the formulation of the area factor in the RESRAD code predicted a significantly 
different dose via the resuspension pathway, reducing the relative importance of inhalation dose. 

Because RAC believed inhalation to be of greater importance than indicated by the KESRAD 
calculations, we chose to develop our own formulation for resuspension. This is discussed in 
detail in  a later section of this report, but the key characteristic of this new resuspension 
calculation is the use of site-specific data, namely soil and air concentration data. 
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TASK 5:  INDEPENDENT CALCULATION 

I .  INTRODlICTlON 

The Rocky Flats Environniental Technology Site (RFETS) is owned by tlic U.S. Dcpartnicnt 
of Encrgy (DOE) and is currently operated by Kaiser-Hill Company. For most of its histon., the 
Dow Chemical Conipan!. operated thc Rock!. Flats Plant (RFP) as a nuclear \\;capons research, 
development, and production comples. The RFP is located 8-10 kni (5-6 mi) from the cities of 
Arvada, Westminster, and Broomfield, Colorado, and 26 kni ( I6 mi) northwest of downtown 
Denver, Colorado. 

Thc current project evaluates the radionuclide soil action Icvels (RSALs) at Rocky Flats 
developed for iniplcnicntation by the DOE, the U.S. Environmental Protection Agency (EPA), 
and the Colorado Department of Public Health and En\:ironment (CDPHE). I n  rcspoiise to public 
concerti about the soil action lcvcls adopted in October 1996, DOE providcd funds for the 
Radionuclide Soil Action Lcvel Oversight Panel (RSALOP) to select a contractor to conduct a n  
independent assessment and to calculate soil action lcvcls for the RFETS. I<isk A.csessnicn/ 
Corporalion (IIAC') \vas selected to c a r n  out the stud!.. This report describes the calculation of 
these soil action Icvels. 

The calculations arc based on seven csposure scciiarios dcscribcd i n  the Task 3 rcport 
(Aancnson et al. 1999). Each scenario specifics an annual limit for radiation dosc to the rcccptor 
resulting froin csposurc to Rock!. Flats radionuclidcs. Environnicntal dose models arc uscd to 
estimate dose from specified concentrations of radionuclides in cnvironmciital media. The soil 
action Icwl for cach scenario i s  dcfined as tliz concentration of radioiiiiclidcs i n  tlic soil above 
which renicdiation sliould be considp to protcct pcople from rccciving doses high than a dose 
l i m i t .  A concciitratioii i i i  soil higher tliaii t l ~ c  Icvcl predicted as the soil action Icvcl for cach 
radionuclide \\-odd lend to ;I dose that would cscccd tlic dose limit for the scenario, based on the 
predictions made using the characteristics of'cach scciiario. 

When niultiplc radionuclides arc prcscnt i i i  soil, measured or hypothesized concentrations 
can be combined \\.it11 the respective KSALs i i r  3 suni of ratios. 5'. If S crcccds I ~ the cstimatcd 
dose produced b!, tlic obscntd concciitratioiis cscccds t l ic  dose limit for the sccnario. For ""Am 

'and thc=scveral isotopcs-o~-plutouium (?h= tlirougli.i'cPlr)_ii~ the soil at Rock!. flats. the activit!. 
ratios are rclativcl!. constaiit over the area of obscrvation. although the!. do changi: r tinic. 
This spatial uniformit!. of the activity ratios csists because the origin of the radioactivit!. at the 
sire is the saiiic. The conibiiiation -.'. ' -  f ti is tlic rriost cstcnsivcl!. measured quantit!., and it has 
been the prinian. surrogate for plutonium and aiiicriciiini i n  the soil. It is possible to use the 
isotopc ratios to express the niariniuni aniiunl dose from aiiicriciuni and all plutonium isotopes as 
a function of '-''''~''"Pii concciitratioii i n  tlic soil. This rclationship m&cs it possible to csprcss a 
composite soil action Icvcl solely in tcrnis of -' Pu (although it depends implicitl>. on 
aiiicriciiim and tlic other plutonium isotopcs). 

Uranium is also prcscnt i n  soil concciitratioiis above natural background at a fc\v RFP 
locations. The histor!. of this coritarnirintioii is different from that of thc anicricium and plutonium 
from the 903 A r m .  and i t  docs not appcnl- possible to cstablisli a simple spatial relationship 
bct\vccn the uraiiiuiii and plutoniiim-rclarcd isotopcs. f-lo\vcvcr. it  is reasonable to assumc fiscd 
isotopc ratios for tlic '.''lJ. "'U: and '3sU prcscnt ;it thc sitc and, thus. to csprcss the conipositc 
uraniuni ICVCI i n  tcrnis of n siiigli: isotolx, say -."u. 
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1-2 Radionuclidc Soil Actioii Level Indcpciidcnt R c \ k x  
Task 5: Iiidcpcndciit Calculation 

The calculations rcportcd licrc incorporatc cstiniatcs o f  paranictcr unccrtaint!.l and results for 
each scenario arc presented in terms o f  the probabilit!. that tlie dose limit \vi11 not be cscccdcd 
given levels of '39''v'Pii and "'U. Uranium RSALs arc based on the assumption o f  a sinal1 area of 
contamination (hot spot). 

All calculations o f  soil action Icvels involve the use o f  RESRAD Version 5.82. Ho\vcvcr, for 
the plutonium calculations, spccial techniques \\ere rcquircd to circumvent thc rcsuspcnsion 
model that i s  prograninied in RESRAD. External calculations, reportcd in Section 4. establish 
relationships between levels o f  'jg-''zJ''Pu in tlic soil and atinosphcric conccntrations at priman 
locations of the sccnario subjccts. For tlic assuiiiption of ground cover as i t  nornially csists on thc 
site, a regression analysis of air monitoring data for plutonium \vas carried out to cstiinatc 
parametcrs for the resuspension model used in tlie estenial calculations. These calculations of air 
concentration at a reccptor location are based on a snioothcd representation of plutoniuni soil data 
for the site (Aancnson et al. 1999) and integration of a Gaussian plume niodcl ovcr tlic 
contaminated source rcgion (Sections 4 and 5). 

The possibility o f  catastrophic natural events cannot realisticall!. bc ignored. I t  is cntircl!. 
plausible that a prairie-grass fire could burn all vcgctation of f  large areas o f  tlie site. leaving barc 
soil for a year or niorct with the potential for cnhanccd resuspcnsion. Scenario variants that 
assume the aftermath o f  an cstcnsive fire: thus, require resuspcnsion paramctcrs for unvcgctated 
soil. Parameters for such conditions are highly uncertain: our estimate of a resuspension factor 
from the literature has 4 ordcrs o f  inagnitude o f  unccrtaint!, (Scctioii 6) .  Such a loss of vegetation 
could also change tlic drainage characteristics o f  the soil until the natural groivth is rccstablishcd. 
One possible consequence is a change in the rcIati\:c contamination of surfacc-\\.atcr and 
groundivater, \thicli could ha\,c an effcct on dose cstiniatcs for sonic sccnarios. Although ivc 
would expect any changes for the scenarios under stud!. to be minor, this h!.potlicsis Ins 
li!,drological iniplications that cannot be explored \vitliin the resources of this project. 

Some sccnario variants discusscd in this report ;LSsuiiic tlic use of \\atcr froni a contariiinated 
aquifer. The rcsults of tlicse scenario variants niust tic. coiisidcrcd tcntati\c. Soil-to-\\atcr 
pat1itvq.s cannot bc treated dcfinitivel!. within this projcct bccause o f  their coniplcxit!. and tlic 
incompleteness of data spccitic to this site. Sonic of tlicsc questions arc witliiii the pur\.ic\v of the 
Actinide Migration Project. and an!. trcatiiicnt of tliciii that might be attempted licrc \\.oiild be 
premature. Insteadt the RAC' scenarios adoptcd most of the \i'atcr path\\.ay parameters used for the 

DOE resident scenario. That scenario considers oiil!. watcrboriic coiitaminatior~ throiigll irrigation 
of garden crops from a \vcII. DOE prcsuniabl!. assunled an uncontaminatcd iiiiinicipd water 
source for all other \vatcr uses. For tlic IUC' resident raiiclicr scenarios, \\-c assumed contmiinatcd 
well \vatu was the sourcc for a11 \\ater patli\va!.s. The RESKAD tvater-relatcd transport 
parameters for the DOE rcsidcnt scenario \vcrc based on site-specific data (DOE/EPA/CDPHE 
1996). Most o f  tlicsc paranictcr assignments \veri: adoptcd for the \vatu \.ariaills of the I L 4 I . '  
scenarios. T h e  esccptions \\.ere thc soil-\\.atcr cquilibriuni distribution cocftkicntsl Kc, (iiicasurcd 
i n  milliliters per grain): \vliicli arc treated licrc as having ordcr-of-iiiagnitude uiiccrtaint!.. 

Calculations ivitli t l ic scenario variants that assunic csposurc to containinatcd ivatcr indicate 
that in some parameter ranScs the \vatu path\va!. can doininatc other csposurc patli\va!.s. Speci tic 
cases are slio\\.n and discusscd in Section 8 .  I-lo\vcvcrt iioiic of tlicsc results sliould be considered 
definitive iri vie\\. of tlic incomplcte ir~formatiori concerning radioiiuclidc transport and exposure 
of subjects b!. tlicsc \vatu path\\-a!.s. Thc onl!. conclusion to be dra\vn at this t.inic is that the 
water pathwa!.s should not bc dismisscd out o f  hand. Ratlicr: their potential for csposing pcoplc 
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TASK 6: SAMPLING PROTOCOLS 

1.  INTRODUCTION 

Soil action levels are calculated to idcntitj. the concentration of otie or more radionuclides in 
tlie soil above which remedial action should be considered to prevent people from receiving 
unacccptable radiation doscs. The soil action levels for radionuclidcs calculated for thc Rocky 
Flats Enviroiuiiental Technolog!, Site (RFETS) b!. the U . S .  Department of Energy (DOE), US. 
Enviroiuiiental Protection Agency (EPA), and the Colorado Department of Public Health and 
Environment (CDPHE) are being reevaluatcd because of public concern and interest in the methods 
previously used and recommended soil action levels proposed. A Radionuclide Soil Action Level 
Oversight Panel (RSALOP) was established and a contractor hired to conduct an independent 
assessment and calculate soil action levels for the Rocky Flats site. Risk Assessnicnf Corporation 
(IUC) \vas hired to perforni the study. The Rocky Flats Citizen's Advisoq Board is administering 
a grant provided by DOE for the review. 

The prinian goal of Task 6 is to develop rccotiimetidatiotis for a soil sampling protoiol for 
use at RFETS in  support of the soil action level study. Saiiipling protocols are written descriptions 
of tlic detailed. procedures to be followed in  collecting, packaging: labeling, preserving, 
transporting: storing, and docunienting the samples (Keith I99 I ) .  The reader is referred to the 
EPA's guidance documci~r on "Preparation of Soil Sampling Protocol: Tcchniqucs and Strategies" 
for an elcmcntan discussion on sampling protocols (EPA 1983). 

Sampling protocols are developed using the iterative data qualit!. ob.jcctivc (DQO) process 
and require the U.S. Department of Energ!. (DOE) and its contractor to evaluate several important 
considerations. Thcse considerations include evaluating sanipling itid anal>-tical costs in  relation to 
a \ d a b l c  resources and accepting potential dqcisioii errors that tilay result in rcnicdiating sites that 
are judged contaniiiiatcd nhen they arc actually below the soil actioii levels. Conversel!., 
developing a sampling protocol must also iucorporate the concerns of tlie general public and other 
stakcliolderst \\.liicIi arc rcpresctited b!. the RSALOP and the soil action level study. Because of the 
coniplqsjt>; ofdeveloping sampling protocols, with the inherent need to balancc the colicenis of 
DOE and the' RSALOP, developing a comprcliet~ssii~~~sa~i~~liiig=protocoI was - not considered = -=. - = -  - ~~ =. 

possible. In this rcport: M C '  presents rccotiitiicndations for tliosc clenicnts of a soil sampling 
protocol considered essential to ensure rcprescntative soil samples arc collected for coniparison to 
tlic soil actioii levels. Tlicse recommendations arc provided to the RSALOP for presentation to 
DOE and its contractor. Kaiser-Hill Company. for incorporation into the soil sampling protocol 
and procedures to be uscd for the soil action Icvcl stud!.. 

The primar\, conccrn of this report is to develop recommendations for the design of sitc- 
specific surface soil sampling procedures that ensurc rcprcscntativc samples arc collected to 
dctcmiinc soil action levels. Soil sanipling protocols must bc bascd upon the conceptual niodel used 
to derive the soil action IcvcIs to ensure that rcprcsentativc soil samplcs Arc collected. For csaniplct 
the depth to \vhicli a sample is taken iiia!' affect the measured concentration if the radionuclide is 
dcpositcd i n  the top few centimeters. Under sonic circumstances, averaging over the top I5 cni 
(approsiniatcly 6 in . )  is appropriate if the csposurc patli\i.a!. of conccrn is ingestion of food raised 
iti thc arca. f-lo\vcvcr, averaging ma!. uiidcrcstiniatc llic potclitial dose if tlic exposure pat1in.a). of 
conccrn is soil ingestion or inhalation of resuspcndcd dust (SAB 1997). 

- .~ ~~ . - - -  ~ .~ ~ ~= - -  - - = .=~. . . - -  ~ - ~- I - .~ 
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~~ 

This report presents reconiniendations for a soil sampling protocol to support the final status 
survey. The final status survey deteniiines the final condition of the site and is perfoniicd after 
decontamination activities (if required) are coniplcte. This surve!' provides tlic data to dcmoiistratc 
that radionuclide concentrations in soil satisfi. the established soil action levels. This survc!. is also 
referred to as a termination survey, post remedial-action survc!., and final survc!.. 

Recommendations for a sampling protocol in support of remedial action \cere not developcd 
for the Task 6 report. Soil sampling i n  support of reniedial action is an iniportant concept; 
however, a large number of soil saniplcs have alread!. been collected for use i n  evaluating the 
nature and extent of contamination ill the surface soil at the RFETS (see tlie Task 3 report). 
Several studies detailing the nature and estent of contamination in the surface soil at the RFETS 
have also been conductcd and are available for use in evaluating remedial requirements. This is not 
to irnpl!, that no further surface soil studies should be conducted at RFETS i n  support of remedial 
design. In fact, as noted i n  this report, additional studies should be conducted for uranium 
contamination in the surface soil at RFETS. Howver, /UC and RSALOP concurred that the 
emphasis of this report should be placed on the final status survey. 

The soil sampling protocol rccoiiiniendatioris presented in this rcport arc based on the 
conceptual model, paranicterization, and assumptions uscd to develop the soil action levels 
presented in thc Task 5 report. The conceptual niodcl for the soil action levels (Task 5 )  report is 
based on the surface soil (0 to 20 cni) layer. Therefore, thc recommendations presented in this 
report are not applicable to subsurfacc soil layers that ma!. be of concern for evaluating source 
inventories for use in  groundwater transport models. Future work by tlic Actinide Migration Panel. 
ma!. indicate that grouiidivatcr transport and seeps to surface water arc iniportant processes at the 
RFETS. This finding \could require that a sampling protocol be dcvclopcd for application to 
subsurface soil layers (i.e.. > 20  ctn). 

The EPA, NRC, DOE, and DOD tiace dcvelopcd [he M d / i - A g e / 7 q  /dx/icrlio/i Su/-vcy ntid 
Sire /nvc.s/iycrrion Memo/ ( M A  /LYS'/W (N RC 1997): which provides dctailcd guidance for 
planning, implementing. and evaluating, environmental and facilit>f radiological sun'cys conductcd 
to demonstrate conipliancc \\.itti dosc-based soil action Icvels. The MARSSIM guidance focuses on 
demonstrating compliance during tlic final status survey following scoping, characterization, and 
any necessary remedial actions. Tlic MARSSIM (NRC 1997) is tlic most comprehensive guidance 
document currently available for tlic devclopiiicnt of radiological suneys. DOE and their site 
contractor, Kaiser-Hill Conipaii!., havc used tlic MARSSIM guidance for use in final status 
surveys of building contaiiiinatioii. Tliercfore, IUC' reconiniends that the final status survc\:s 
conducted at RFETS follo\c tlie gciicral principles provided i n  the MARSSlM guidance for the soil 
action level project. In this report. LAC' has used tlie general principles of tlie MARSSIM (NRC 
1997) guidance to develop rcconiineiidations for a sanipliiig protocol. Tlie MARSSIM guidance 
and Inetliods sliould not be iiscd blindl!. as a recipe for final status survc!.s. NAC provides an 
emphasis i n  this report on problciiis identified with the MARSSIM guidaiice i n  teniis of application 
to thc soil action levels at  Rock!. Flats and potential solutions. 

Draft Final 
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ATTACHMENT D: SUMMARY OF ACTINIDE MIGRATION STUDIES 
MEETINGS 

The Actinide Migration Evaluation (AME) prqjccts werc established b!. DOE in 1996 to 
investigate and model 239.'4''Pu: ""Ani, and uranium transport i n  the sitc cnvironnicnt. Periodic 
technical and public nicctings have been a \vay for Kaiser-Hill (K-H) and the \-arious scientists 
who specialize in  the study of actinide movement in the environment to report on the progrcss of 
their findings at Rocky Flats, The specific projects that are currently iindcnva!. arc: 

0 Air transport modcling 

0 Pathway anal\% 
0 

Uranium geochemical niodcling 
0 

0 

Watershed erosion and scdiment transport modcling 

Biological impact on actinide mobilit). 

Updating the Data Qualit!. Objcctivcs for thc AME prqject 

Colloidal transport and aggregation espcrimcnts 
Sampling process waste lines for plutoniuni: anicriciuni, and iiraniiim oxidation states 
Installation and sampling ground\vatcr aseptic wells 
High Resolution Inductivcl!.-Couplcd PlasriidMass Spcctromctn. (ICP/MS) anal!.sis of 
RFETS groundwater and surface water saniplcs 
Soil aggrcgatioii/disaggrcgatioli studies b!- Colorado School of Mines (funded b!. €PA) 

A IMC' reprcscntatii c attended the Actiiirdc Migiatioii Panel nicctings bcginnIng w Itli the 
meeting on Novcnibcr 19- 1498 at the Arvada Cit! Ha11 The Actiriidc Migratioii Studlcs (AMS) 
group \\as established b! DOE i n  1996 and tlicsc: pcriodic mcctings arc a \\a\ for Kaiser-Hill (K- 
H)and contractors to rcpoit on the current studies at Rock! Flats that deal \ \ it11 the actinide 
transport modcling of 240Pu. ?-"Ani and U i n  the sitc cnt ironmciit The group niccts about 
ever! 6-8 necks and the ncut niccting IS Jaiiuan 2 I .  1999 As ne  beg311 the prolcct. there arc four 

available about the work -- 

Environmental Tcchnolog\ Site Re\ 0 KF/RMRS-C)X-277 UN Scptcmbcr [Available 
surface \\atcr discharge and actinide actii it! data from site nionitoring prcgranis during 
thc 1990s \\crc compiled to coiiipirtc actinide loads on n storm-specific and annual basis 
The anal! sis \vas done for Womnii Creek. Walnut Creek and tlic South Interceptor Ditch 
(SID) drainage basins. \\liicli IS pan of the Woiiinn Cicck natcrslicdl 

RMRS 1998 Actinide Coiitcnt and Aggregate SIZC AnaI!scs for Surface Soil In the Walnut 
Crcek and Wonian Crcck Watcrslicds at the Rock! Flats Environmcntal Tcchnolog\ Site 
Rev I RF/RMRS-98-2X I U N  Scptcmbcr I Reports 23'1 24'JPu. and lJi Ali i  activit! in 

surface soil sampled in FY9X from the \Laliiut and Woniaii Crcch natcrshcds Particle 
size distribution of tlic soil and scdiniciit saniplcs ncic done at tlic Colorado School of 
Mines Data \till be used as S O L I I C ~  ofactinidcs to sticanis t 1'1 stoi-ni\\atcr runoff and to 
calibrate the Watershed Erosion Prediction Proicct (WEPP) modcl to cstlniatc so11 
crosioii and associated actinide transportl 

~ - - - reports- froin K-H and Rock! Mouiitain Rcmcdiation Scrviccs (RMRS) that ncrc currcntl! 
~ - - 

- - -  - _  . -  
- -- 

RMRS 1998 Loading Annl!sis for tlic Actinidc Migration Studies at the Rock! Flats 

Risk Assessment Corporation 
"Setting fhe sfandard in environmental health" 
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RMRS. 1998. Conceptual Model for Actinide Migration Studies at the Rock!. Flats 
Environnicntal Tcclinolog!- Site. No tiunibcr oii cover. October. 

RMRS. 1998. Preliniinan. Report 011 Soil ErosioidSurfacc Water Scdinient Transport 
Modeling for the Actinide Migration Stud). at tlic Rocky Flats Eiivironmcntal 
Technology Site. Fiscal )'car 1998. RF/RMKS-98-2SS.UN. Novcmbcr. [.Provides 
prcliminaq. modeling results that will bc used for calibrating the soil crosion and surfacc 
water transport modeling effort for the Rocky Flats watcrshcds. This report describcs 
results for the SID watcrslicd, wliich drains into Pond C-21. 

At the Novcmbcr 19, I908 meeting, tlicre \vcrc two major topics: ( I ) Soil erosion and sediment 
transport modeling FY99 work (a summary of the November I998 rcport above) rcportcd by Win 
Chroniec and Ken Spitze, (2)  Air Modeling FY99 work that \vi11 be donc by Radian International 
reported by Martha Hyder and Anicy Srackangast. Radian International is just beginning the 
currcnt air modeling ivork and \vi11 focus on "improving estimates of airbonie actinide migration 
and deposition i i i  the conceptual niodel," (papcr thrce above) "preparing a niodcling tool to usc in 
evaluating various cmission scetiarios, and providing preliniinan air pathway dose estimates." 
They plan to do this bj. revie\ving published studies of contaminated soils resuspcnsion to 
deterniinc resuspcnsion nicclianisnis, and then to idcntifj. resuspcnsion modcls to use in  
estimating emissions of actinides froni contaminated soils into the air. 

The January 21, 1999 AMS iiiceting focused on studics of plutonium migration at Rocky 
Flats site. Dr. Greg Cllopin froiii the Uni\.crsity of Florida describcd his work with the use of 
osidation state actinide aiialogs to observe cffccts of geoclicniical processcs over long time 
pcriods. He and his collcagucs Iiavc studied old uranium and tliorium locations around the \\.orid 
to find analogs for plutoniuni, (e.g.> Tli4' for Pu4', and L14- for Pu."'). The main Iiiessa$c is that 

natural analog sites providc \.attiable infonnation on actinide clicinistr) and fatc and transport: 10 
date these studies sho\v vcr!. little niovcnicnt of plutonium ovcr lorig timc periods. Their studies 
indicate that Rocky Flats plutoniiini is insoluble but they cmphasize that solubilit!, studies arc 
coniples. At that same iiiecting. Mikc Murrcll and Cliris Brink from Los Alamos National 
Laboratoq, (LANL) esl>lriincd Iio\v tlic!. arc tracing uraniuni migration at the R F  solar polids 
using refined analytical tccliniqucs i n  ion counting to follo\v the transport of uranium and to 
differentiate bet\vcen "Rock!. Flats" uraniuni and "natural" uraniuni. 

At the April 29: I W 9  AMS mcctings, researchers describcd progress on collecting borchole 
samples from tlic South Interceptor Ditch, runoff samples from a buffer zone area near Walnut 
Creek, and water saniples froin Pond B-5 discliargc that \vi11 be used for suspeiidcd solid 
fractionation cspzriments. Jim Ranvillc from tlic Colorado School of Mines, describcd h,is \i.ork 
on soil aggregation at Rocky Flats arid how it might affect solubility. M a n  Neu from LANL then 
described results of current cspcrinicnts done 011 charactcrizing plutonium in  samples froin the 
903 area. Using powcrt-ul, ne\v state-of-the-art analytical techniques, she and her collcagucs have 
demonstrated that plutonium from under the asphalt pad at the 903 area is insoluble PuO;. The 
PulAm ratio also indicates insoluble plutonium. These new results provide solid proof for what 
man!- have assunicd all along -that plutonium i n  the soil at Rock!. Flats is insolublc PuO2, arid 
thus ma\: not get irito tlic grouiid\vater. 

Thcsi. stirdics art. cscitirig and v - e n  relevant to tlic current soil project because they help to 
characterize the clicmical and physical form of plutonium at the Rocky Flats site. The AMS 
research that is undcr\\.n\. has liclpcd to dcfinc tlic potentiall!. significant pat1iwaj.s and ive still 
see inlialatioli as tlic major path\vay for this tvork. Recent \cork at LANL indicates that tlic 
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plutoniuni from soil samples under the 903 pad is insoluble PuO,. Wliilc results from sonic of tlic 
AMS studics indicate tliat this insoluble fonii of plutoniuni may not enter groundmter, \vc arc 

be ruled out of the current analysis. Wc understand tlic iniportance of groundnatcr and surface 
water patliwa!.s i n  the long term, and include tlic groundnatcr pathway i n  one of our scenarios. 
We do recognize, liowcver, that our asscssnietit of the grouiidnatcr patlni-a!. is limited by the 
complexity of the pathnay. 

On October 4, 1999, tlie AME meeting covered tlic following topics: an update of the sitc 
conceptual model by Cliris Dayton; a stmimay of cspcrimental results obtaiiicd to date by thc 
Colorado School of Mines aid blr Texas A&M, Galveston; rcsults of tlic FY?9 atmospheric 
dispersion and deposition by Martha Hyder of Radian Corporation; biological mobility of 
environmental plutonium by Ward Whicker of CSU: and an update on the 903 Pad rcniediation 
project by Steve Paris of RMRS. The characterizatiou of the 903 Pad is complete and a 
remediation strategy is being developed. 

A study by the Colorado School of Mines that is investigating tlie cffcct of environmental 
redox potential on tlic solubilit!. of plutoniuni slio\vs tliat under niodcratel!~ reducing 
environments while tlie soil is fairly saturated. there is lcss plutonium found in  the cO.45 p sizc 
fraction than in  osidizing environments. Aniericium's association \\:it11 a particular sizc fraction 

examining a conscrvative calculation to address the qucstion of \vlictlicr or not the. patli\v?-' ' \  can 

seems to independent of tlie redox potential. 
To evaluate the biological mobility of cnvirotinictital plutotiiunil n draft --\vliitc paper'" by Dr. 

Kathryn Higlcy of Oregon Sate Universit!. and Dr. Ward Whicker of CSU. litlcd "Biological. 
Mobility of Environmental Plutonium," \\:as distributccl. Dr. Wliickcr described tlic results of 
their study and tlie report is available tlirougli tile CAB.  PIutonium is iiot a biologicall!, csscnttd 
nutrient: nor an analog of a biologicall!. cssctitinl tiutricnt. Much of tlic plutoniutn nicnsurcd in 
plant material conics from atmospheric dcpositioti onto tlie leaf surface. 

e Risk Assessment Corporation 
"Setting the standard in environmental health" . 
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A G E N D A  
RSALOP Meeting - February I O ,  2000 

Broomfield City Building - Zang's Spur Conference Room 
4:OO - 8:OO P.M. 

OPENING 
Introductions 
Minutes corrections/approval 
Sign-In 
Group Agreements 
Agenda Review . 

CO-CHAIRS UPDATES 
Public Meeting 

ACTINIDE MIGRATION STUDIES UPDATE: 
FOCUS ON KRlEGlNG EFFORTS 

DRAFT FINAL TASK 5 REPORT/CONCLUSIONS 

PUBLIC COMMENT 

BREAK 

FINAL DRAFT SUMMARY REPQRT 

PUBLIC COMMENT 

PANEL DISCUSSION: FINAL RECOMMENDATIONS 

Mary Harlow 

Facilitator 
Facilitator 

Jeff Myers, 
Morrison-Knudsen 

John Till. RAC 

Kathleen Meyer, RAC 

Panel Co-Chairs 

Facilitator/Panel Co-Chairs 
- - - -  - = - -  ~ _ _  - .  

- -BRAINSTORMING+ THE-PATH FORWARD = ~ - - 

ANNOUNCEMENTS 

FUTURE AGENDA ITEMS/ 
ACTION ITEMS 

Facilitator 

v 

UPCOMING PANEL MEETING 

Wednesday, March 22, 2000: 4 8  P.M. - Broomfield City Bldg., One Descombes Dr.; Zang's Spur/Bal Swan Conference Rooms (lower level) 

FINAL PUBLIC M EETlNG 

Tl,ursdav, March 23. 2000 7-9 P M - Broomfield City Building - Council Chambers 

IMPORTANT NOTE: NO TECHNICAL DISCUSSION IS SCHEDULED PRIOR TO THIS MEETING 
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M I N U T E S  

Radionuclide Soil Action Levels Oversight Panel 
February I O ,  2000, 4:OO p.m. - 8:OO p.m. 

Broomfield City Building - Zang's SpurlBal Swan Conference Rooms 

NOTE: Minutes are presented in draft form and should not be quoted or distributed until receiving 
final approval by the Radionuclide Soil Action Level Oversight Panel at its March 22, 2000 meeting. 

Mary Harlow, Co-Chair, convened the regular meeting of the Radionuclide Soil Action Level Oversight Panel 
(RSALOP or Panel) at 4:OO p.m. and opened with the introduction of the following attendees: 

Hank Stovall, City of Broomfield 
Ken Starr, Citizen 
Victor Holm, RFCAB 
Joe Goldfield, CCANW 
Kathy Schnoor, City of Broomfield 
Kathleen Meyer, RAC 
Bruce Dahm, City of Broomfield 
John Till, RAC 
Russell McCallister, DOEIRFFO 
Laura Brooks, K-H 
David Shelton, K-H 
Diane Niedzwiecki, CDPHE 
Olga Chillian, MSCD 
Elizabeth Coffman, MSCD 

Mary Harlow, City of Westminster 
Laura Till, Facilitator 
Carla Sanda, AIMS1 
John Corsi, Kaiser-Hill 
Joel Selbin, UC-Boulder 
Ken Korkia, RFCAB 
John Marler, RFCLOG 
Rick Roberts, RMRS 
Jeremy Karpatkin, DOEIRFFO 
Todd Margulies, TM Consulting 
Katie Ewig, RFCLOG 
Carl Spreng, CDPHE 
Bridgett Gallagher, MSCD 
Dean Heil, CSU 

Niels Schonbeck, MSCD 
Brady Wilson, RFCAB Staff 
James McCarthy, City of Arvada 
Steve Gunderson. CDPHE 
Gerald DePoorter, RFCAB 
LeRoy Moore, RMPJC 
Kara Dinhoffer, City of Boulder 

. Edd Kray, CDPHE 
Reginald Tyler, DOE/RFFO 
Tim Rehder, US EPA 
David Abelson, RFCLOG 
Sarah Bowman. CU-Denver 
Sean Duncan, MSCD 

MINUTES REVlEW/APPROVAL 

Minutes of the January 13, 2000 Panel meeting were reviewed and approved as printed 0 
AGENDA REVIEW 

Laura Till reviewed the Agenda as well as the Group Agreements. 

. - .. .. ~ 

0 Carla Sanda briefed the Panel on plans for the third and final public meeting, which is scheduled from 7-9 
p.m. on Thursday, March 23, 2000 at the Broomfield City Center Council Chambers. Plans call for a 
project recap and appreciation to participants from Panel Co-Chairs, followed by a presentation on project 
findings by Dr. John Till, RAC. In addition, a panel discussion will be scheduled to include 
representatives from the Panel, CDPHE, EPA, and DOE to discuss the path forward regarding revision of 
the RSALs for Rocky Flats. 

Mary Harlow stated that Brady Wilson, RFCAB Staff Member, would be leaving his position for a new 
venture. Brady has provided valuable insights, pertinent documents, and has assisted each meeting by 
transporting and configuring the sound system. On behalf of the Panel, Ms. Harlow expressed 
appreciation to Brady for his assistance to the Panel and its work. 

ACTINIDE MIGRATION STUDIES UPDATE: FOCUS ON KRIEGING EFFORTS - Discussion Lead: Dr. 
Jeffrev C. Mvers, Morrison-Knudsen 

As a follow-up to discussions at the January meeting, Dr. Myers along with Christine Dayton, Kaiser-tiill, 
briefed the panel on recent work within the actinide migration studies program that focuses on krieging efforts 
at the site to determine specific areas and levels of contamination. 

. 
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Dr. Myers is the author of a book on environmental mapping and sampling entitled: GEOSTATlSTlCAL 
ERROR MANAGEMENT - Quantifying Uncertainty for Environmental Sampling and Mapping, which was 
recently used as a model for the latest EPA guidance document on sampling and statistics, €PA SW846. Dr. 
Myers’ background is in mining and environmental applications of geostatistics, actually developed in the 
mining industry for inventory and appraisal of oil reserves. The primary emphasis in mining centered on 
miners going into the field and taking samples, from which potential levels of gold, silver, etc. within the 
mountain or deposit could be estimated. As it turns out, a similar type of inventory and appraisal is also 
applicable for the environmental field; i.e., technicians sample an area to determine existing levels of 
contaminants of interest within whatever media is being evaluated. There is a direct parallel in this area 
between the mining and environmental fields. Dr. Myer’s primary focus at the Rocky Flats site has been on 
the krieging (or, geostatistic) efforts at the site. 

~ Dr. Myers reviewed color-coded maps that had been developed for the site to depict numbers of samples 

in and around the 903 Pad area (the major source of plutonium contamination known at this point). One of 
the functions of geostatistics is to map the sample data. Since there is neither time nor budget to sample 
everywhere on the site, researchers must rely on the few, costly samples taken up to this point to make a 
learned assessment of existing areas of contamination, the severity of contamination, rate of migration, etc. 
Geostatistics is a way to basically “contour“ data and use those data with the maximum efficiency possible. 
Dr. Myers illustrated this point by referring to glass of water on the presentation table and compared it to a 
liter bottle of soda sitting adjacent to the water glass. If this were an actual sampling area, it is likely that 
similar contamination concentrations would be present. However, if he were to move a bit further away and 
sample the water glass of a panel member, it is likely that the original two samples would be more similar than 
the glass of water on the panel table. Similarly, if a sample of the water located in a glass at the back of the 
room, it is likely that it would be less similar than the others, and so on. The basic idea being conveyed was 
that the closer samples are to one another, the more information one then has about what is taking place at 
varying locations. Information from such relationships is quantified mathematically and can then be input for 
further study and. estimate. It is important to weight sampling properly to assure accurate information 
gathering. It rapidly becomes quite clear that development of a basic soil sampling protocol is extremely 
important. Some sampling may be on a grid, while some may be random. More weight is given to samples 
that are closer to the area that is being estimated. Researchers use the sample data that has been collected, 
combined with information provided by geostatistics to optimally weight the samples and produce what is 
known as a “best estimate” - “best” meaning that work is done with the fewest number of errors and the work 
is conducted with no bias. Studies are not biased “high” to assure that dollars are not wasted in remediation 
efforts, and studies are not biased “low” so that contaminated areas are left unremediated. Once that 
information is obtained and sample data is gathered (-2200 for americium and plutonium have been gathered 
to date at Rocky Flats), the data is put through the krieging or contouring process, from which a map is 

Migration Studies program, and it has been used in the past at Rocky Flats by Dr. lggy Litaoc 3 is also a~ 
method accepted and used throughout the environmental arena. 

taken at the site. The map reflected the intense sampling efforts that have taken place at the site, particularly i 
I , 
I 

- ~ .~ _ _ ~  
- - ~ ~- .- .- ~. 

created=to’depict=areas and levels of contamination. =This method .has. been,used. rec~e-ntly-in. the 
-~ ~~ 

Dr. Myers referred to a map developed to depict areas of plutonium contamination at the site. The map is 
designed in small blocks or pixels (each representing 757, which can actually be co’unted to determine total 
areas of contamination. Areas are also color-coded to represent levels of contamination. The vast majority of 
the site is within the c5 pCi of plutonium per of soil contamination level. However, it can also be noted that a 
hot spot at the 903 Pad area reflected concentrations above 10,000 pCi of plutonium per gram of soil. 
Contamination in this area extends somewhat to the east, which fits in with the information in the conceptual 
model of contamination distribution, wherein wind could pick up plutonium from the 903 Pad and in turn 
disperse it in a plume extending to the east. Part of the plume is truncated near Indiana Street, and that part 
of the plume registers a maximum of 10 pCi/g of soil. On an order of magnitude, however, this is level is 
roughly 1OX below the state action levels. The 903 pad area remains one of the major grids of concern at the 
site, and additional studies will be aimed at further determining the extent of contamination and any potential 
effects to water quality, as well as impacts to the closure of the site. 

Dr. Myers also referred to a second map developed to depict areas of americium contamination at the site. 
This map also clearly illustrated the areas of concern at and east of the 903 pad. These areas are above the 
Tier I action level for the State of Colorado for americium in soils. The plume is approximately the same 
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shape as that for plutonium and also moves to the east, which means that plutonium’ and americium are 
acting very similarly in terms of spatial distribution. 

One of the key differences incorporated into this part of the geostatistical analysis was to isolate different 
portions of the site according to the conceptual model. For example, researchers knew that at the 903 Pad 
very high concentrations existed; however, if one took samples a few feet west of the pad, the samples 
suddenly dropped from >10,000 down to 6. That fits the wind dispersion model. Krieging, like other contour 
methods, would normally take this hot spot and “smear“ it in a circular pattern out about as far west as it is in 
an easterly direction. If one were to do that, it would actually indicate that the extremely “hot” areas of soil 
would be dispersed much further than it really exists. As a result, as part of the analysis, researchers isolated 
the area to the west of the Pad and used samples only within that area so that the contamination was not 
“spread“. 

Dr. Myers went on to explain color-coded areas noted on the rest of the map and pointed out one final area of 
note, which exists a bit east of the 903 Pad - a fairly small area labeled Trench 1. Remediation has already 
been completed in this area by removing contaminated soils and replacing with clean soils that fell within the 
Tier 2 level for cleanup. 

Dr. Myers noted that it is important for a modeler to approach a task with a good sense of judgment and 
ethics; i.e., determine what areas should be modeled independently from perhaps an adjacent area to be sure 
that the entire reading is not skewed one way or the other. Different domains can change within just a few 
feet, so it is important to develop an ethical, technically defensible protocol. 

Dr. Myers also pointed out an area near Rock Creek that reflects contamination on the order of .1 pCi/g. This 
reading is likely based on one or two samples that may be influenced by a nearby hot spot that may need 
further investigation. Many times during initial investigations, particularly in areas that were not believed to be 
impacted, one might bias a sample toward the bottom of a drainage or in an area where material might collect 
to obtain a “worst case” sample. When biasing samples, it is expected that they may come in at a somewhat 

’ higher level, but if they come back above action levels, researchers return to the field for a more 
comprehensive survey to determine if remediation is indicated. 

Panel Discussion 
Joe Goldfield remarked that this map and discussion does not take into consideration any of the areas within 
the industrial areas that are highly contaminated and asked why this wasn’t being discussed. 

Christine Dayton replied that the industrial area is also one of major concern; however, this study relates 
only to contamination within “surticial” soil rather than contamination that may be present several feet 
deep. That issue will be part of another program at the site. 

- - -  
Joel Selbin reflected his concern at a recent article in SClENCLmagazine related to oxidation of plutonium 
into a more soluble state. What is being discussed here may not take that into account, What effect isthis 
going to have on current studies at the site - could i t  not change the whole picture of actinide migration7 

Christine Dayton replied that contrary to that supposition, members of the Actinide Migration studies 
group have a very good understanding of this issue. In fact a public meeting is scheduled for April 18 at 
the Westminster City Hall to discuss this issue. Dr. Greg Chopin from Florida State University and Dr. 
Dave Clark, LANL, have written letters to Rocky Flats, which will be available shortly, on this very issue, 
and are drafting letters of rebuttal to SCIENCE magazine. A very good understanding exists as to the 
type of plutonium in the 903 pad area - it is Pu4 and is insoluble. It was proven by laboratory methods 
using the Stanford synchrotron and there are no indications for the existence of soluble plutonium in that 
area. One of the things Drs. Chopin and Clark indicated was that the solubility for much of the plutonium 
and oxidation or valent states of plutonium is so low that we may be talking 10-1 6 vs. 10-14 molar. You 
are still talking about a very, very small level. All indications gathered at the site in terms of groundwater 
concentrations, study results have all indicated that the site is dealing with Pu4. Drs. Chopin and Clark 
also indicated that if you had higher oxidation states; ;.e., Pu5, 6, and 7, these would then transfer down 
to the Pu4 in the environment within a very short timeframe. This year, researchers are investigating 
various sources within the industrial area; e g., concrete samples from buildings, process waste line 
samples, and plutonium from building fires. These samples were just run last week at Stanford, where 
they looked at the spectroscopy and x-ray absorption of the concrete samples. Researchers are then 
able to determine definitively what the oxidation state of plutonium may be. 

- -~ 
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Several panel members suggested that authors of the SCIENCE magazine article be invited to the 
meeting on April 18 to fully explore this issue. Ms. Dayton responded that she would take this to 
members of the Actinide Migration Panel for ‘consideration. 

Victor Holm asked if Dr. Myers was familiar with the MARSSIM, and particularly referred to a section of 
the approach that dealt with non-parametric, random sampling. Mr. Holm’s reference to the MARSSIM 
approach seemed to focus on a direct quote from the document that cited the “inconvenience of taking 
correlated samples‘’. 

Dr. Myers said that he was somewhat familiar with MARSSIM in that classical statisticians prefer 
random sampling to correlation sampling and don’t appear to be inclined to deal with information 
that comes out of correlation sampling. In fact, correlation sampling can result in some very 
powerful information. A very critical function is the design of sampling programs and grids. One 
of the things accomplished by geostatistics is determining how far apart samples need to be 
taken, because at some distance - let’s say a mile - there is no correlation between two samples. 
Therefore, it is important to develop an optimal grid, look at the sampling theory such as that 
contained in EPA’s SW846, and consider other critical issues like the “nugget” effect (metals in 
soils tend to cluster). If samples are taken that are too small, the results can be biased. Recent 
studies indicate that without taking into consideration key parameters when developing the 
sampling protocol, results could be off by 1000% or more in the sampling error alone even before 
it arrives at the laboratory. When it comes time for remediation, there will be a need for additional 
samples, which means that a good sampling grid must be designed based upon information 
known at the time. In addition, things like the nugget effect and how that may affect the sampling 
and decision-making must be closely monitored to achieve a very high level of confidence that 
any given of area is below any action level agreed to. 

DRAFT FINAL TASK 5 REPORT/PROJECT CONCLUSIONS - Discussion Lead: Dr. John Till, Risk 
Assessment Corporation 

Prior to Dr. Till’s discussion, Dr. Kathleen Meyers distributed a 3-ring binder containing all project reports, 
including the draft summary report to panel members. Other participants received copies of the Final Task 5 
Report, Final Draft Summary, and brief Technical Summary & Conclusions. 

Dr Till then briefly reviewed Tasks 1 - 8 of the project. All reports have been completed. The final 
remaining activity is the third public meeting scheduled for March 23, 2000. In addition, RAC included a Final 
Technical Project Summary Report, which was not part of the original contract for this project. 

Dr. Till proceeded immediately to the RSALs derived in this technical study for plutonium and uranium, as 

- _  - - -  _ - -  L =  - - - _  - - _  - i -- - -  . - _ _  - -  - - _  =follows: = = = -- - z - _ _  -- - ~ 

- -  

Using the methodology described in our reports, scenarios agreed upon by RAC 
and the RSALOP, and a 10% probability level, the technically derived 
radionuclide soil action level for plutonium is: 

35 pcgg 

IO pcgg 
The technically derived radionuclide soil action level for uranium is: 

Dr. Till stressed that although draft numbers were widely publicized from an earlier meeting, the above 
numbers are the final conclusions of the project and are based upon sound methodology and scientifically 
credible inputs and assumptions. Since the last meeting, RAC team members have extensively revised the 
Task 5 report and have provided additional information regarding basic inputs, parameters, and assumptions. 
As an example, Dr. Till referred the Panel to Section 10.1.3: Probability of Exceeding a Dose Limit. This 
section defends the selection and use of a 10% probability level that conveys a degree of confidence that the 
soil concentration will not result in doses greater than the prescribed limit. Literature reviews support use of 
the 10% probability level. Section 10.1.3 includes quotations from EPA guidance related to this issue. 
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Scenarios used in the calculation were briefly discussed and reviewed. 

Another critical factor to fully understand when using the sum of ratios method is the amount of radionuclides 
present in soil relative to Pu-239 + 240. Dr. Till presented a slide that provided the relative concentration 
levels for Pu 239 + 240, Am-241, Np-237, Pu-238, and Pu-242. Dr. Till also briefly added some information 
related to the amount of radionuclides present in soil relative to U-238. 

Dr. Till discussed the following factors or issues that were taken into consideration in selecting an RSAL: 
Impact of a fire 
Identifying the limiting scenario (i.e., the most restrictive scenario with the probability of a fire taken 
into account) 
Numerical value of the RSAL 
Probability of exceeding the dose limit 
Robustness of the RSAL 
The effect of time 

However, several other factors or issues were not taken into consideration in selecting the RSAL: 
Cost of cleanup 

Institutional controls 

Limits of detection 
Community values 

Risks to the public associated with cleanup 

Prescribed dose limits vs. other comparable limits 
Risks associated with the prescribed dose limit 
Background of plutonium in the environment 

Dr. Till then referred to several graphs that had been discussed at earlier meetings. One slide dealt with the 
effect of time on plutonium, with the point being that the highest potential risk would occur sooner rather than 
later, which was when the primary calculation was made. Uranium is essentially the same situation; it is 

- considerably more mobile. 

Several graphs regarding probability curves for each of the scenarios was also briefly discussed. These 
materials had been fully explained and discussed at each meeting. Additional graphs depicted the probability 
of exceeding the 15 mRem dose limit for both the rancher and child scenarios. 

Dr. Till cautioned the Panel to note that the scales change between the graphs; it is important to take note of 

taken into account for all scenarios. 

I 

- -- -those differences when interpreting the information. . The Panel was- also remindedthat- tenti@ fire was -- - - -  .-_ - _ _ _  - 

Dr. Till noted that RAC researchers managed to develop an alternate RSAL calculation method, which 
required a modification in the fire model to enable it to account for the truncated concentration within the 
maximum contour for those cases when the burn region intersects the contour region. This alternate method 
is fully described in Section 7 of the Final Task 5 Report. The key message delivered, however, was that 
even when using the alternate method, the resulting RSALs were very similar to those derived from the 
extended sum of ratios method used for this technical review (38 vs. 35 pCi/g for plutonium). 

One of the things that did change from the January meeting discussion was the offsite dose. The calculation 
now (largely due to the fact that the probability of fire has been taken into account) indicates that offsite doses 
have a low probability of exceeding 15 mRem with no remediation. This calculation is also described in detail 
in the Task 5 Report. 

Dr. Till then moved into a brief review of the RSAL for uranium and showed information for the RAC rancher 
and child scenarios, each with information for the water turned on and the water turned off. 

Although the report contains 8-10 pages dealing with recommendations for future research of this issue, Dr. 
Till briefly reviewed the following issues which he believe are key to future understanding: 
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Impact of a prairie fire 
Further development of the resuspension model for Rocky Flats 
Construction of a computer-implemented model for Rocky Flats to permit flexibility in analyzing 
different radionuclides, sources, and pathways 
Evaluation of the radionuclide soil action level based upon risk from both inhalation and ingestion of 
plutonium risks associated with plutonium (this report is largely based on inhalation) 
Continued tracking and updating the soil action level for plutonium as site-specific surface and ground 
water properties become better known 

Dr. Till summed up by saying that RAC researchers feel very good about this report based upon the 
information they had to work with and feel that the calculations are sound. As time goes on, and the Actinide 
Migration Panel gathers more information, it is likely that recommendations will be modified. 

Panel Discussion 

Mary Harlow asked Dr. Till to reiterate why the resident rancher scenario was selected for this study. 
Dr. Till responded by saying that the rancher scenario was the most realistic scenario in that it provides 
the maximal level of exposure at the 10% probability level. This scenario could actually occur. 

Joel Selbin added that he agrees with this approach and hopes that this is fully explained so that the 
community understands this basic difference between the numbers in this study and those recommended by 
RFCA. 

Jeremy Karpatkin reflected that it appears that the principal thing driving the change to 35 pC2g is modeling 
the fire probabilistically. Dr. Till agreed with this observation. Mr. Karpatkin then reflected that it appears that 
another change is the likelihood of a fire, but assuming that a tire does happen, the curve remains the same. 
Dr. Till agreed. 

Joel Selbin asked whether or not the controlled burn that is planned later this year would provide any 
information related to resuspension. 

Tim Rehder, €PA, responded that resuspension during the fire itself will be looked at, and wind tunnels 
will be set up on the burned areas to simulate wind events and study resuspension at various wind 
speeds. 

LeRoy Moore expressed his opposition at a controlled burn planned to take place on a site that is known to be 
contaminated and urged that the burn be conducted at a different area. 

LeRoy. Moore asked if Dr. Till could comment on the role of this Panel and the relationship between RAC and 
this panel during the sfudy 

Dr. Till reflected that it has been a very tedious year for RAC and the Panel, but the process itself is 
fantastic. This process emphasized the value of input from everybody - whether that person has a 
technical background, or whether that person comes to a table with little or no technical backing but with 
a dose of common sense. There has been a wealth of technical experience, e.g., the Peer Review Team 
and some panel members, with key points of view and perspectives shared by less technical participants. 
All input was considered, but Dr. Till stressed that RAC never compromised the scientific integrity or 
scientific approach to the study to appease this Panel. Dr. Till went on to say that it is his hope that this 
type of process can be replicated at other sites with similar challenges - even those beyond the nuclear 
arena, such as chemical facilities with cleanup problems. 

- 
~ 

~ - - . -  -. - - - _ _  - _  _ _  . -  - -  - - -  -. - 
- . _  

Niels Schonbeck asked that considering the probabilistic aspect of the fire, how many years would be needed 
in order to come up with a sum that is 90% certain that a fire would occur. Dr. Till stated that it would be 
nearly 1,000 years. When Dr. Schonbeck asked if that was reasonable in that it seems likely that a fire will 
happen sometime before 1,000 years. 

Dr. Till agreed but reminded him that this was based on statistics gathered since 1924, and that he too 
believes that it is more likely than not that a fire will occur well before the 1,000 year mark. However, 
even with additional information, he isn’t certain that it would appreciably change the number. Keep in 
mind that the curve has a probability of one. This whole issue of the fire is very important and needs 
additional focus in the future. 
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Mary Harlow stated for the record that the Cities of Westminster and Broomfield are very concerned about the 
planned control burn at the site. Both entities have raised major concerns surrounding the burn and have 
formally lodged those concerns, but the site is determined to continue. As a result, they have been working 
with site officials in an attempt to den've useful information from the burn related lo resuspension, dispersion, 
etc. that may be helpful in the future as we look at the RSALs. That work is continuing with the hope that the 
burn will be fully monitored and properly contained and conducted in a way that will yield positive results. 

FINAL REPORT: TECHNICAL PROJECT SUMMARY - Dr. Kathleen Mevers, RAC 

This report incorporates input received from Panel members and RAC representatives have worked closely 
with the Steering Committee to finalize the report since that date. The Technical Summary begins with an 
Executive Summary, describes each of the project tasks, and ends with conclusions and references. 
Additional copies may be requested from Carla Sanda at or email: c . 

PUBLIC COMMENT 

NONE 

BREAK 

PANEL DISCUSSION: FINAL RECOMMENDATIONS - Discussion LeaL. Saw Hal ow - 

Copies of a draft letter to transmit the final project report to Mr. Paul Golan, DOE-RFFO Acting Manager, were 
distributed to the Panel for review and discussion. 

Prior to making any comments on the letter, one member of the Panel asked for a status report on an earlier 
recommendation from DOE that the National Academy of Sciences (NAS) review this project. Jeremy Karpatkin 
responded by saying that since the initial letter had been sent from DOE, several letters from the Panel and other 
entities have been sent to DOE officials regarding this issue. At this point, it is Mr. Karpatkin's understanding that 
there will be an internal DOE review, but there is not yet any arrangement with NAS for a full review. Further, it is 
his belief that there is no intent to make a firm request until and unless issues surface in the DOE review that 
require further investigation. Mr. Karpatkin further said that there was some concern expressed that bringing in 
the NAS could lead to a delay on the decision of what an RSAL may be, which could delay site cleanup - or 
alternately, he speculated, that there was some concern that work would proceed in CERCLA cleanup efforts, 
with the RSAL being lowered only after CERCLA cleanup was irrevocably completed. Mr. Karpatkin addressed 
ttToSe concerns by stating that the-+3epartmentzof,Energy-is committed to working,with.the CommunItytO proceed 
with the cleanup in a timely fashion, and there is no thought that a review process would be undertaken that 
would postpone the process so that the current RSAL would be applied by default while waiting on another study. 
That will not happen. Whether the NAS is or isn't involved, or some other entity is involved, DOE will work with 
the agencies to assure that the cleanup is accomplished in a timely fashion. 

Panel members provided the following suggestions/comments on the drafi letter to Mr. Golan: 

- ~~. ~- ~ __ -~ - ~. .~ ~. ~ ~ 

- . - ~- -~ ~ 
- ~~ 

0 

0 

0 

0 

0 

0 

Letter should not be distributed until all Panel members have had an opportunity to review and consider 
It is not likely that DOE and the regulators will immediately implement the numbers; it may be unrealistic 
to respond by a given date; indicate that there should be future dialogue to discuss recommendations 
The recommended RSALS should not be subject to table-top negotiating and/or compromise 
Individual letters should go to the regulators 
A better introduction should be developed to provide a brief background 
Concern was expressed with a statement regarding guidelines for soil sampling protocols . 

Following additional discussion and clarifying remarks, the Panel reached consensus on transmitting the letter as 
follows: 

0 

0 

Develop a clearer introduction stating that project has been completed within budget (Mary Harlow and 
Carla Sanda will work on this) and include invitation to upcoming public meeting 
Send individual letter (same content) to regulators 
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Draft letter to key DOE-HQ officials 
Change final paragraph to read: Thank you' for considering our recommendations and RAC's reports. 
We look forward to working collaboratively with the Department of Energy, the Environmental Protection 
Agency, and the Colorado Department of Health and Environment. 
Draft letter to congressional representatives and David Skaggs advising them of project conclusion, 
include conclusions page, and invite to March 23 public meeting. 
Draft letter to newspapers along with project summary and invitation to March 23 public meeting. 

Jeremy Karpatkin added that the RSALs are part of the RFCA, and any changes to the RSALs must go through 
the RFCA renegotiation process, which is an annual iteration sometime around May or June of each year. 

BRAINSTORMING: THE PATH FORWARD - Roundtable Discussion 

As the project reaches it conclusion, it is time for the Panel to begin planning the path forward from this point as it 
works with officials and communities to implement a change in the RSALs. The discussion began with the 
facilitator going around the table to receive ideas from each Panel member as to what the path forward should be: 

Assure Panel input into the RFCA process 
Send letters to congressional delegation and state legislature 
Go to Governor's office 
Communicate with constituencies: city councils, etc - explain the work, offer presentations 
Develop format and schedule for meeting with RFCA principals 
Begin a discussion of community values re: cleanup levels and institutional controls 
Communicate with Rotary Club and other similar organizations to disseminate information and enlist 
support 
Create Speakers Bureau 
Proceed in good faith, with a positive attitude; towards collaboration with agencies 
Clarify which members of the Panel would like to continue 
Develop a presentation and materials for Speakers Bureau 
Set a future meeting for the group who will be continuing (communicate via email) 
Designate panel member to work closely with Carla Sanda on public meeting materials 
Schedule a party for 7:30 p.m. on March 22 to celebrate accomplishments with RAC 
Clarify intended time commitments for goals for group that continues 
Recognize that the current Panel brings a history that may be important for acceptance of results. This 
group could continue to work on implementation issues. 
Consider funding sources with DOE for support services for continuing group 

- 
~ - ~ - -  - - . -  - -  - - _  - -  - ~ . _  ~ 

- -  - .  
- -  

{ACTION ITEMS: - = 
- _ ~  

Ken Korkia will organize party for  March 22 
Mary Harlow and Carla Sanda will work together to prepare materials for March public 
meeting 

ANNOUNCEMENTS 

Carla Sanda announced that she would be moving to another state at the end of February. As a result, the 
above phone number and email will only be valid until February 24, 2000. After that time, please contact 
Mary Harlow. Ms. Sanda will return to Denver on March 20 to support the Steering Committee Meeting, Panel 
Meeting, and Public Meeting scheduled that week. 

FUTURE AGENDA ITEMS 

The Path Forward - continuation of the Panel's work 

- MEETING WAS ADJOURNED AT 8:OO P.M 

4 + 
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Upcoming Meetings & Activities 

March 22, 2000 Panel Meeting: Broomfield City Building, One Descombes Dr., Broomfield, CO - Zang's Spur/Bal 
Swan Conference Rooms 

March 23, 2000 - Final Public Meeting - 7:OO - 9:00 p.m. 
Broomfield City Building - Council Chambers, One Descombes Dr., Broomfield, CO 

The previously-elected Steering Committee, made up of: Mary Harlow, Hank Stovall, Leroy Moore and Lisa Morzel routinely 
meets each Monday prior to the regularly scheduled meeting to plan the agenda. Panel members may attend this meeting. To 

confirm meeting date, time and place, please contact Carla Sanda at 303-277-0753. 
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1879 Denver West Dr. #I621 
Golden, CO 80401 
Phone: (303) 277-0753 

To: JohnTill From: Carla Sanda -  

Fax: 803-534-1 995 Date: Janualy 21,2000 

Phone: Pages: 20 including cover 

Re: Comments to Draft Summary Report CC: 

0 Urgent El For Review 0 Please Comment 0 Please Reply 0 Please Recycle 

Dear John - Enclosed are all comments received to date on the Draft Summary Report. As 
mentioned in my email, 1’11 be out of my office all next week but will checking my phone for messages. 

Carla 



I .  

January 20, 2000 

Re: City of Broomfield's Comments for the DraA RAC Project Suniniary Rcport 

Gcneral Comment: 

The Introduction and Conclusion sections need to be modified to include KAC's 
recommended RSAL number based on the best science available at this timc: with 
whatever qualifications RAC feels are necessary. But, it needs to be clearly stated that 
this 
why have we gone through this $500.000 process? As written, this introduction is very 
defensive and puts such limitations on this number that. if1 wasn't familiar with the 
process, I wouldn't even bother to finish reading the report. Prqject limitations to me arc 
the list 1-8 in the project tasks section. What RAC is calling prqject limitations are 
actually additional factors that need consideration. These factors arc areas for additional 
research, or policy concerns and decisions that should only bc briefly touched upon in the 
introduction, if at all. These concerns must be clearly stated. but later in thc conclusion 
as follows: 

a scientifically defensible number generated with cutting edge science. If not: then 

While the RAC recommended RSAL is a scientifically dclcnsible number bascd 
on the best science available today, RAC believes additional work is necdcd to 
reduce some of the uncertainties and refine the RSAl-s to be litlly protective of 
both human health and the environment. First, certain key data that are currently 
unavailable need to be obtained. Foremost among these are data that quantify the 
impact of a brush fire on the land now occupied by the Rocky Flats site and the 
data from the of Actinide Migration Evaluation. Second, a number offactors 
need to be considered that were beyond the scopc of this work. These include, 
but are not limited to, decisions about: 

- ~ - -  

- ._ - -  
0 - Restricted-and unrestricted-use of the property ._ = ~ - 

Cost ofcleanup 
0 

0 

0 

Protection of ecological resources 
0 

- _  

Potential for exposure to the public during cleanup 
Potential for accumulation of actinides on offsite lands and water resources 
Protection fiom violation of the state surface water standards 

The effects of a long-term drought on plant cover and soil stability 

The RSAL that is ultimately implemented by the DOE will involve many 
political, social, and moral decisions. We would be remiss to not point out all 
factors that might go into making a decision of this type. 

RAC needs to tell us in the introduction why this is a great study and best scientific 
method, not discredit or discount it before they tell us what it is. 
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Additional Editorial Comments by Section: 

1 n t rod u ct ion 

Page 1 , paragraph I , last sentence: [Suggested AdditiodChange] 

As a result of public concern about the interim soil action levels 
established in October 1996, the Radionuclide Soil Action I,evcl 
Oversight Panel (RSALOP) was formed. The RSALOP is a group of 
community members with considerable experience in Rocky Flats issues 
(refcrence attachment written by Steering Committee or from RSALOP 
Fact Sheet). In  (month), 1998, DOE provided funds for the RSA1,OI’ to 
select a contractor to conduct an independent assessment and calculate 
radionuclide soil action levels (RSALs) for the RFETS. Through a 
competitive bidding process and evaluation, Risk Assessment Corporat ion 
(RAC) was selected by the RSALOP to carry out the study. 

Project Tasks 

Page 4, paragraph 3 ,  sixth sentence: 1:Suggested ‘Change] . 

Replace sentence that begins, “ We provide an example . .” with: The Task 5 report 
contains the methodology and calculations used to develop the RAC recommended 
RSAI,. 

Page 4, paragraph 4: Delete the last two sentences. 

Interaction With Actinide Migration Panel 

General Comment: The Actinide Migration Evaluation Group prefers not tobe called a 
Panel. AMs should be AME (Actinide Migration Evaluation). 

- 
- - 

- - 
- .  - - -  - - _  - ._  - - -  - -  

Page 5, last paragraph, first sentence: [Suggested Addition] 

. . . associated with migration of actinides (jdutonium, americium, and 
uranium) through the environment. 

Page 6, first line: Delete first line on page 6, line is a duplicate of last line on page 5.  

Page 6, 1 ”  side bar- Note that (2) is not correct according to Chris Dayton, Kaiser-Hill. 
This could be a misleading oversimplification of the process. Chris indicated that she 
would provide clarifjhg comments on this section, so we will defer to her on this issue. 

I RAC Summary ReportCom m ents. doc 2 



Cleanup I,cvcls At Other Sites 

Page 7. last sentence: I Suggcsted Change:l 

Ilelcte this sentence and reference to Table 2. (See next comment). 0 
Page 8, Table 2: ISuggested Change] 

This ratio table is dif‘ficult for the non-technical reader to understand. We suggest 
deleting lable 2 from the summary report and referencing it in the Task 1 Report page 18 
‘I‘able 9. The sentence at the top of page 9 adequately summarizes this table. 

Plutonium Solubility and Dose Conversion Factors 

I’age 16, Table 4: [Suggested Addition] 

Text needs to explain “Clearance Class” and define W, M, S and Y in the table. 

Page 18, Table 5:  % l‘ime spent indoors and outdoors onsite for the Open Space 
Scenario appear to be revcrscd. 

Independent Calculation of Soil Action Levels 

Page 22 & 23: [Suggested Addition] 

I M C  scenarios 1-4 should have references to the actual distributions in the Task 5 report. 0 
Page 24: [Suggested Addition] 

lnsert Table GS-I. Soil Concentration (pCi/g) at 5% to 10% Probability Level, fiom the - 
~ - - -. -- _ _  - -~ - - - ~ - _ _  - -~ -- - - - - __ - -  - - - - - -  - _ _  - 

 ask-^ repod ])age v: - ~ - 

Soil Sampling Protocol 

Page 27, third bullet: [Suggested Change] 

RAC’s selected discrete values fiom the soil action level distributions for each 
radionuclide will be used by RSALOP for comparison to the soil concentration data. 

Page 27, tenth bullet: [Suggested Change] 

The non-parametric statistical tests, called MARISSIM and developed by the Nuclear 
Regulatory Commission in 1997, will mbe used. - . .. 

RAC SurnmaryReportCornments.doc 3 
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Conclusion 

Page 27: Kcwritc bascd on the recommendation of a specific RSAL number with 
qualilications and restatcmcnt of the limitations. 

RAC’s inpiits in many cases are less conservative: more realistic and more representative 
o f  actual sitc conditions, and the calculated value is still less than the “conservative” 
RSAI, value calculatcd by DOE, CDPNE and EPA. 

Additional conccrns. data needs. ctc. should be listed here as noted in Comment I 

KAC SurnrnaryReportCommmts.doc 4 
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Sanda 

From: Sanda <  
> 

Mary Harlow <m > 
Thursday, January 20,2000 7:33 PM 

0:; 
Sent: 
Subject: Fw: COMMENTS 

Following are comments from Dean Heil. Mary Harlow will have some comments 
to me tomorrow morning. Carla 
----- Original Message ----- 
From : Dean Hei I c(j&i I @ i a r:13 I. ~ i'o i :is !:ate . eG it > 

Sent: Thursday, January 20, 2000 1:34 PM 
Subject: Re: COMMENTS 

To: Qnda < ~ ~ ~ ~ ~ ~ i ~ ~ , ~ ~ ~ ~ ~ l ~ ~ i ~ . i i ,  !y:!>,(:a:?-! > 

> 
> 
> 
> 
> 
> 
> 
> 
> 
> 

.E > 

> 
> 
> 

~ - >  
> 
> 
> 
> 
> 
> 
> 
> 
> 
> 

. .. 

Carla, here are my comments on the draft project summary report. 

On pages 21 and 22, the specific RSALS that RAC calculated at the 10% 
probability level are reported for the DOE-1, DOE-2, and DOE-3 scenarios. 
The RSAL at the 10% level for RAC scenario 4 is reported on page 24. Why 
are the RSALs at the 10% level not reported for the RAC scenarios 1-3 on 
pages 22 and 23? 

Dean Heil 

At 08:45 PM 01/19/2000 -0700, you wrote: 
>Just a note to remind you that comments are due to me by COB tomorrow, 
>Thursday, January 20 on the following two documents: 

>RAC's Response to Peer Review Comments ~~ to Draft ~. Task ~ 5 Report 
>RAC's Final Draft Summary Report 

>Please don't hesitate to contact me at 303-277-0753 if I can be of 
>assistance. 

>Carla Sanda 

> 
~ - - _  - __ ~ - - - - _  - - - _ ~  ~ - -  ~ - - .  

> 

> 

> 
> 
> 

1 l20l00 



To: ItAC 
From: V. Ilolm 
Date: January 20. 2000 

I have read RAC's rcsponscs to the rcviecwr commcnts and I concur with tlicm. I 1i;w rcccivcd 
sevcral commcnts fioni other mcmbcrs of the KSALOI' t h a t  si~pport this opinion. I qmlogiizc for 
using the first person; but, since these arc strictly my rcactions it is appropriatc. I would like to 
comment on a couple of items: 

A. Several revicwers havc asked for a table comparing the original RSAI, with your independent 
calculations. While I understand tlic dcsirc to compare the two rcsults. I completely concur with 
you that it unfortunately impossiblc to make that comparison. 

B. Several rcvicwcrs questioned the 15 mrem annual standard \shcn undcr tlic fire scenario a 
disproportionate sharc of thc life time dosc occurs i n  onc ycar. I'hc DOE! set the dose limit 011 

both the panel and it's contractor: therefore. you arc completely correct in y o u  re-jection of these 
commcnts. 1 would certainly hope that the panel in it's rccomnicndation highlights this result. 

C. Several reviewers in diffcrent contexts brought u p  tlic use o f  Kd as ;i surrogate for physical 
proccsscs that are moving thc 1'11 through the soil column. Wc have discussed this problem. 
Given the time and monetary constraints and the fact that thc groundwatcr pathway is not of 
immediate priority, 1 belicvc your solution to the problem is the correct onc. 

13. Several comment dealt with qucst ions such as worker risk and ccolo~ical damage. 1 concur 
with your response that thesc arc important questions: but: outsidc the scope of the prcsent study. 
They are not only outside the scope; but these arc question whcrc community values come into 
play and not just science. I would certainly hope that the panel addresses these questions, and if 
not, then some other community forum addresses them. 

- E; I consider your proposal for the-final state of the computer ~ software you used to be both 
meeting the terms of the contract and meeting the requirements for software in thescientific 
literature. You seem to agree that the PERL script might present a challenge to less computer 
literate health physicists. This does not diminish the work you accomplishcd; but, does explain 
why I wish to see the software made easier to use. 

- --- - - _  - - _  

F. I concur with the degree of technical depth used in your reports and do not agree that a less 
mathematical treatment is warranted. We both agree that the summary will be a key document. 
My preference is for it to be a stand alone document. 1 would use the Scienlijk American 
approach as a model. This summary will probably be the most useful result of the study and, 
while it might be presumptive' 1 think it would form the basis of a very credible scientific paper. J 
urge you to expend your best efforts and talents on producing this summary. 

In summary, 1 found all your responses, and especially the responsc to my comments, well 
founded and 1 am sure I am speaking for the entire panel in thanking you for the considerable 
effort and the constructive way you have responded to all the comments. 



Sanda 

From: > 

Sent: 
Subject: 

< > 
Wednesday, January 19,2000 8: 17 AM 
comments on RAC's Draft Project Summary 

eo: 
To: RAC 
From: LeRoy Moore 
Re: Draft Report: Project Summary 

This report presents a good summary of work done, though some of it is 
quite technical and will thus be difficult for the general reader who has 
not had the benefit of participating in the project all along. My editing 
generally favors leaving this aspect alone. Otherwise, the opening 
portions need much detailed reworking, especially to eliminate redundancy, 
to improve flow, and to reduce wordiness. Close attention will need to be 
paid to the changes I propose. 

original text been available in electronic form. I suggest that for future 
editing we get the text electronically. 

By the way, this would have been a far simpler task had the 

My remarks are given page by page. 

Table of Contents: Fourth item and Attaunent D both need to be changed to 
refer to Actninide Migration Evaluation, the official current name of this 
work (for whatever reason, perhaps because much of the work is being done 

on-site sub-contractors, the names Actinide Migration Studies and 
ctinide Migration Panel have been dropped). 

p. 1, para 1, 4th sentence: Change to read "This current project evaluates 
the interim rsals . . . ." 

1998 (is this correct?) and is scheduled for completion in March 1999." 

p. 1, para 2, latter half of first sentenTe: del&e comma after "future", 
then say: "come into contact with the site where the soil is contaminated 
with radionuclides at levels above background." 

setting SALs must include consideration of the following: 

end of para 1: Add a sentence that says: "Work began in October 

- 
~ -- -- - - - - ~ .  - -  - ._ _. - - - -  -~ - -  - - -- -- - ~~ = ~ 

- - -~ - - -  - . -  
~~~ 

same para, delete sentence two and substitute: 'The task of 

"1. How particular radioactive materials are transported in . . ." 

p. 1, para 3, second sentence: 'In designing the scenarios, we followed 
the principle that if the person living onsite full-time is protected, then 

11 . . . .  
para 3, line 6, add comma after "resuspended" and before "because" 
para 3, final full sentence: "RAC did not assess it in (delete 

significant) detail in the SAL project because too little is now known; 
extensive ongoing research by the Actinide Migration Evaluation team is 
expected to provide data not currently available (Honeyman . . .).I' 

I p. 2, first full para: This paragraph must be completely rewritten in 
keeping with RAC's intent to provide a single number as a recommended RSAL 
ased on best current science, with indication of uncertainties and areas e 
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where additional research is needed. I hope RAC here will say clearly that 
the task it was assigned was to develop an RSAL that will provide no more 
than a 15 mrem/y dose to the maximally exposed individual in a realistic 
scenario and that to protect this individual protects all others, including 
those off site. I n  other words, the recommended RSAL levels are the ones e which, to the best of our current knowledge, will ensure that the permitted 
annual dose limit for the targeted pertinent individual is not exceeded. 

p. 3, Table 1, #4: under reference column say, "Presented orally at the 
Nov 1998 RSALOP meeting". Delete ref to Killough et al 1999b from this 
column. Under location columns, delete Attachment B and add "(no written 
report produced)" 

researchers" (in keeping with current nomenclature for this work). 
#7: Change to "Interaction with Actinide Migration Evaluation 

NOTE: I N  WHAT FOLLOWS I SUGGEST DELEIING MOST OF WHAT APPEARS ON PP. 3 AND 
4, IN M E  INTEREST OF ELIMINATING REDUNDANCY AND DECREASING WORDINESS. 
ESSENTIALLY WHAT I PROPOSE IS THAT THE REPORT MOVE IMMEDIATELY FROM TABLE 1 
INTO THE MORE SUBSTANTIVE POINT-BY:POINT DISCUSSION OF THE SEPARATE TASKS. 

p. 3, first full para after table: Change to say: "Each of the tasks 
mentioned above was important in the process of this work. In the 
following pages, each task is explained in some detail. The reader will 
note that we begin with Task 8, then go to Task 7, because these two tasks 
entailed interaction that was ongoing through the duration of the project." 

4 bottom: Change heading to: "Task 8: Public Interaction." 
first sentence, third word: Change "was" to 'lis" 
The seamd and third sentences seem meaningless, or at least wrong, 

since determining concentrations was not a "first step" and this project 
had nothing to do directly with "decisions re. cleanup." I suggest 
deleting both sentences. 

- - -  - -  -~ - -- -- - - _ _  - - pp. 4-5, Retain the sentence that begins on p. 4 an 
delete the next three sentences. Change the sente 
line 5 to say: 'The regular monthly RSALOP meetings were an important 
forum . . . ." Change the next two sentences to: "During these meetings 
RAC received guidance from panel members regarding the direction of the 
project and input parameter values. Ideas and insights from discussions at 
these meetings would have been lost had this interaction not existed." 

Retain the first full para on p. 5 as is. 
Re. second full para on p. 5, cttange to say: "In addition to the 

foregoing, AIMSI, the public involvement contractor for the project, 
organized three general public meetings during the course of the project. 
These meetings were geared toward a general audience to update them on the 
work being done. Also, on so-and-so date a special workshop on risks from 
exposure to radioactive materials was conducted by Mr. Charles Meinhold, 
President of the National Council on Radiation Protecton and Measurements. 
This workshop, which was open to the public, helped inform the panel 
regarding current practices and research in risk protection and 
management. " 

Third full para on p. 5: Begin: "Five peer reviewers contracted 
y RSALOP reviewed and provided written comments. . . .'I Move the sentence e 2 1/21/00 



which begins "This process helped identify" so that it becomes the third 
sentence in the para, followed by "We responded to all. . . . 'I  Change 
sentence that begins on line 4 to: "The final reports reflect changes made 
to the text in response to comments received from reviewers." In the final 
entence of this para, replace the word "network" with "means." 

p. 5, bottom: Change heading to 'Task 7, Interaction with the Actinide 
Migration Evaluation Researchers" 

"The researchers doing the Actinide Migration Evaluation are very closely 
studying the processes associated with migration of actinides through the 
Rocky Flats environment." Edit this whole section to change the language 
to Actinide Migration Evaluation and/or AME researchers or research team. 
Do not use the term Panel. 
Final word on p. 5: delete "done." 

This section may be overly generous in its praise of the AME work, 
given past and recent sharply critical reports from outside reviewers of 
their work and workplan. I think it wise to delete the praise and to'stick 
as closely as possible to mere statement of fact about what they are doing 
and what tentative results they have produced that inform RAC's work. 

Para that begins at bottom of p. 5: Change first line to read: 

p. 6, bottom: Change heading to 'Task 1: Cleanup levels at Other Sites." 
Change the latter part of the first sentence to read: "with a clear and 
unbiased comparison between soil action levels previously developed at 
other facilities and those adopted for Rocky Flats in October 1996". 
Delete the second sentence. ' 

p. 7, final para, line 7: Should the phrase "soil action level to dose 
ratio" be hyphenated -- say, to "soil-action-level-todose ratio"? 

Generally, this section on Task 1 is dear, though I don't think it 
ill be easy for the general reader to grasp. I n  particular, Table 2 will 

be difficult. I s  there any value in providing the original RSAL numbers 
for various sites as specified in pCi/g of Pu in soil, then to explain that 
one cannot make a simple comparison from one number to another for 
so-and-so reason. Maybe then the process for getting to Table two could be 
described and the table presented as the conclusion. 

p. 10. Change heading to: 'Task 2: Review and Selection of Computer 
Models." I n  first sentence, insert "computer" after "assessment." 

Box: Capitalize Rocky. 
Final para, line six: Would it be dearer to replace the word 

"knowldege" with "certitude" -- or with "precise knowledge"? 
Otherwise, this whole section on Task 2 looks OK. 

E 
- 

~ 

. _  - _  ~~ 

- ._ -- - .~_ . - ._ 
~~ - -  - -  - -  - -  - 

p. 12, bottom: Change heading to: 'Task 3: Inputs and Assumptions to the 
Model .'I 

Para that begins on bottom of p. 12, final portion of second 
sentence: Change to 'I. . . in determining the soil action levels for 
cleanup at RFETS that would result an exposure not in excess of the 
permitted annual dose." 

p. 13, Table 3: Under Parameter, indent the words "Zone" and "speed" 

14, second full para, final line: add to end of final sentence the 
ords "from the site." 

1/21/00 
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p. 15, first para, line 5: Delete "instead of 0.15 m" -- since this is not 
explained and isn't really necessary. But then I note that this same 
number appears in the next sentence. Perhaps it needs to be explained -- 
as, for instance, the number used in the 1996 RSAL calculations. Also, 
wouldn't it be better to use throughout this paragraph cm rather than a 
percentage of m? 

p. 16, line one: Change "Studies" to "Evaluation" and AMS to AME. Ditto 
for line 4. 

line 5: Change sentence to "These solubility studies guided the 
selection of dose conversion factors. . . ." 

line 11 : Change "address" to "addresses." 
Table 4: under ICRP 71, correct "inhalation" 

p. 18, bottom: Change heading to: 'Task 4: Methodology for Determining 
SALS" 

At the beginning of the final para on this page, insert the 
following three sentences from p. 4 (note that I have added the word 
"orally" to the first sentence and "both" to the second sentence copied 
from p. 4; I have also deleted a phrase from the second sentence): 
"Designing a methodology for calculating soil actions levels based on our 
exposure scenarios was the focus of Task 4, and was presented to the RSALOP 
orally in November 1998. This methodology included the uncertainties of 
both the input parameters and the resulting soil action levels. Based on 
the methodology of Task 4 and the input parameters and assumptions of Task 
3 for the computer code selected in Task 2, we developed a method to 
calculate radionuclide soil actions levels for each of seven scenarios." 

Then continue with the final para. of p. 5 as follows. 
Final para, line 5: In  sentence that begins on this line, insert 

fter "ratio" the words: "of the total permitted dose" or "of the total 
radioactivity" 

p. 20, bottom: Change heading to "Task 5, Independent Calculation of the 
Soil Action Level" Should "level" be pluralized? 

__ 
I __ - - __ _ _  ~ p. 21ythird from last line of first para:--Insert "the" before "RAC child." - -  - ~ 

p. 25, bottom: Change heading to "Task 6: Soil Sampling Protocol" 

p. 26, final line of top para: Should this say "on statistical methods in 
detai I"? 

the soil action level process"? or "for enforcement of the soil action 
levels"? 

a semicolon 

First full para, end of final sentence: Shouldn't this say "for 

Final para, fifth from last line: change comma after "concept" to 

p. 27, second bullet: Add a period at end. 
Third bullet: Delete commas. 
GENERALLY REGARDING THESE BULLETS, THEY WOULD BE IMPROVED I F  THEY 

ALL HAD THE SAME OR SIMILAR GRAMMATICAL STRUCTURE. FOR EXAMPLE, ALL COULD 
INCORPORATE SOME VERSION OF "SHOULD' (AS IN BULLET 6) OR NONE SHOULD, ETC. 

1/21/00 
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p. 27, Conclusions: This needs to be rewritten to reflect RACs intent to 
recommend a single number. Again, the text should say that the number 
provided equals an RSAL calculated to the best of RACs ability intended to 
protect the maximally exposed individual in a realistic scenario from 
receiving a dose not in excess of the allowed annual dose. The RSAL was 
calculated to meet these conditions. Then the text might say that other 
factors that were not considered by RAC include the ones listed at the 
bottom of p. 27 (excluding the probability of exceeding the dose limit). 
This way of putting things emphasizes that the purpose of the RSAL is to 
protect public health, not to cut costs, to meet unrealistic closure 
deadlines, etc. That is, health is the driver. Once we know with some 
assurance what is required in this realm, then we can discuss other 
concerns. 

0 

p. 28: Finally, a personal comment: While I understand very well that the 
methodologies used in 1996 by the agencies those now used by RAC are quite 
dissimilar, what the affected public has to live with is the final result 
-- that is, an RSAL that specifies how much Pu, etc, can legally remain in 
the soil. From the perspective of the putative exposed person, it doesn't 
matter how the RSAL was calculated. What matters is the quantity of stuff 
allowed to remain in soil and thus to present some level of risk, now or 
later. Whether RAC likes it or not, the quantity allowed to remain is 
Comparable. As a specified quantity of pCi/g of, say, Pu the levers will 
be compared. Hence, while I think it appropriate for RAC to emphasize, as 
it does on this final page of the Project Summary, the differences in 
assumptions, inputs, and methods used, and even for RAC to say why its 
approach may be better than that used in 1996, it seems futile to argue 
against comparing end results. The RSAL review was commissioned because 
some in the public were dissatisfied with the original RSALs. I f  we get 
ower RSALs it will be because some of these same people favor RACs 
numbers. RAC showed the RSALOP that it was possible to compare RSALS 
adopted for other sites with those adopted for RF. I t  takes much less 
translation of concepts to compare the results of RACs work with the 1996 
RSALs. So, it's probably wise for RAC to refrain from telling people not 
to do what they are bound to do. 

. 

.! 
- 

--_. ~ - -~~ - - _- = - -  - - .  - ~- 

p. 98: Change the language to refer throughout thisfid apkndix to 
Actinide Migration Evaluation. 

p. 99, second full para, final line: insert "be" after "to." 

paper on this topic by K Higley and Ward Whidcer were mmmissioned by the 
Technical Review Group, a subcommittee of the Citizens Advisory Baord 
established to oversee the AME work; these reports, thus, were not, 
strictly speaking, projects of the AME. 

is unlikely to migrate in groundwater may be countered by the Jan 99 Nature 
article on Pu migration in colloidal form in groundwater a t  NTS. I believe 
there may be research at IANL that reaches a similar conclusion for that 
site. Litaor claims to have found lateral migration of Pu in subsurface 
soil under conditions of saturation at RF. Pu is moving into the surface 
water exiting the RF site from a source the AME researchers have so far 
been unable to identify. The groundwater pathway may play a part. 

M: The report by Ward Whicker on biological mobility and the 

Finally, it occurs to me that your assertion that Pu in oxide form 

Certainly it is complex. Just as certainly, one should be very cautious 
ith claims that Pu is unlikely to move into the groundwater. Accepting 
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this caution will necessitate one or two changes earlier in the text, at 
points I cannot now specify but will watch out for in the next round of 
editing. 

Please feel free to contact me if there are questions -- 303-447-2779. 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
LeRoy Moore, Ph.D. 
Rocky Mountain Peace and Justice Center 
P. 0. Box 1156, Boulder, Colorado 80306-1156 USA 
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‘1-0: lohn ‘fill 

FROM : Mary I-larlow, Rocky Flats Coordinator City of Westminstcr 

SU13JI~C1‘: Draft lieport. I’rqject Summary Comments 

Given the importance ol’this sunimary document I bclicvc i t  would have been beneficial 
for RAC to consult ;1 tcchnical writer to cnsure the accuracy ofthc summary and the 
propcr flow of this document. Much o f  the discussion tcnds to ramble. 

I would have liked a stronger presentation of this work. IXAC uses a lot of wiggle words. 
Givcn the uncertainty that we know is prcvalcnt i n  dctcrniining a SAL standard and a 
reuse scenario RAC can a lway  preface this work by stating that their scientific review 
should be vicwed as a document that rcprcscnts what science knows about radionuclides 
in the soils at this point in tinic. and that because of the lack of information on the health 
effects of low lcvcl radiation over tinic it is vcry prudent to crr on the side of 
conservatism 

A section needs to be added as an addendum on the IISALOI) panel and its role in this 
important revicw. 

1 would offer the following commcnts on the document: which 1 found tcdious to read. 

1 N T J3 0 D U CT I 0 N ---S h o u Id con t a i n , IY h 0, w h at , IY h e n , IY he re a n d w h y ? 
I he introduction needs to be improved upon. - -  

Second sentence. The Risk Assessnicnt Corporation ( M C )  was selected by the 
Radionuclide Oversight Panel in August of 1998 to conduct an independent, credible, and 
transparent scientific evaluation of the appropriatcness and accuracy of the RESRAD 
model and associatcd issues relating-to determination of theradionuclide soil action 
levels at the Rocky Flats Environmental Technology Site. This reviewwas the result of-  
public concern about the intcrim radionuclide soil action levels developed for 
implementation by the United States Department 01’ Energy (DOE), the Environmental 
Protection Agency (EPA) and the Colorado Department of Public Health and 
Environment (CDPFIE). 

- =  ._._ 

- - __ 
- 

- = - ~ - 

The Goal of soil action levels is to protect people who may, in the near or distant future, 
come into contact with _a site where radionuclides contaminate the soil at levels above 
background. Soil action levels are calculated to identi% the concentration of one or more 
radionuclides in the soil above which remedial action should be considered to prevent 
people from receiving unacceptable radiation doses. Soil action levels are quantities, one 
or more per radionuclide, that depend on four things: (continue on) 
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Third paragraph first sentence, Change we to KAC focused. 
Second sentence. ..In designing scenarios. change we to 

Take out the last sentence. ‘The potential significance of the groundwater pathway“ 
Areas that warrant further discussion should be in a separate section not in thc 
introduction. 

Page 2, lirst paragraph needs to be totally revised to reflect the f k t  that RAC will provide 
a number with qualifiers. When rewriting this paragraph add community values for 
additional considerations. 

I’ roj ect l a s  ks 
Needs to flow better 

Place the table for the tasks first. 
Add the discussion on page 3 in paragraph two that discusses ‘fask 1 take out at other 
facilities: we didn‘t look at facilities we looked at 10 sites. both national and 
international. that were contaminated with radionuclidcs and undcrggbg or about to 
undergo cleanup. 

Paragraph under the current layout ol’the Project Task . . .change liAC along with the 
Advanced Integrated Managenlent Services to RAC alonsi with [he IISALOI’ focuscd on 
this end through the prqject scheduling and conducting public meetings and making 
written materials available. Add Advanced Integrated ManuLrcment Scrvices. Inc. 
provided management support to the RSALOP for the p r o d  e 
Under Task 2 page 4: the first sentence is an error. Task two focuscd on reviewing the 
WSRAD model used to calculate the current interim standard at Rocky 1-lats as well as 

- -  . 

- -  - -  ._ 
~- other models that arc-available for=calculating soil action levels. = -- - _ - -  - ._ 

Paragraph 2,3 page4 needs to be revised to reflect the fact that RAC will provide a SAL 
AAer the discussion on tasks, add the first to paragraphs that discuss the calculation and 
design objectives. 

Public Interaction 
Second sentence. The crucial first-step in the cleanup was determining the 
concentrations of radionuclides that could be left in the soils after cleanup was complete. 
This sentence doesn’t make sense. Suggested rewrite: Determining the concentrations of 
radionuclides that can be left in the soils at Rocky Flats aAer cleanup is complete is a 
crucial first step in the cleanup process. 

Change the next sentence to read. It was important to keep the public and surrounding 
stakeholders 



informed as to the proccss of the scientific review ofthe interim radionuclide soil actions 
undertaken by RAC. Add: The RSALOI’ as well as IiAC was committcd to ensuring 
that there was public involvement and interaction durinE the entire review process. 
Change the next sentence to read. The IiSA1,OP made a determination that was hirrhl\: 
supported by RAC, to hold and have RAC present at prc work-mceting technical scssions 
that were open to the public. Three general public meetings took place during the course 
of the project. The public meetings were geared towards a general audience to update 
them on the work bcing donc. 
impacts the public must necessarilly..etc. 

Continue on with the sentence that starts Research that 

A statement needs to be included about the supporl ofthe Citizen‘s Advisory h a r d  in  
having a website available related to the review as well as providing work on handouts 
for public meetings and management of the DOE grant. Maybc a general Statement 
needs to be made about the involvement ol’CAB. We couldn‘t have inanaged this project 
without their agreement to manage the grant. 

Break out the paragraph on Dr. Meinhnolds workshop and tilc it: underline in or in  sonic 
manner indicated the importance of this workshop. 

Add a section underlined or bolded on the Peer reviewers. 
I t  needs to be indicated that DOE did not pay for the peer reviewers that the RSA1,OP 
obtained hnding from the community for peer rcvicwers because of the importance of 

- 

ensuring the validity of the scientific review. 

A statement needs to be added about thc number ofquestions receivcd from the DOE that 
were answered in writing during the project. 

Interaction with the Actinide Migration Panel 

Panel 
- _  -. ~-- ~- You might want to add how many meetings RAC-attended of the Actinide MigraLi0-n- ~- 

Page 6 first sentence is incorrect and should be rewritten. Suggested language. 
The analysis was performed in order to compute actinide loads on a storm-specific and 
annual basis for Woman Creek, Walnut Creek drainage basins and the South Interceptor 
Ditch (SID), which drains into the C2 pond, which is also part of the Woman Creek 
watershed. 

Paragraph 2 page 6 is conflicting and should be rewritten. It states First, the panels 
research has provided a qualitative picture of movements of actinidcs through the Rocky 
Flats environment; namely, that they move quite slowly and deliberately toward the 
aquifer, if they move at all. I would take out if they move at all. 
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Page 8 
Table 2 is conhsing. Especially when you look at Rocky Flats versus Johnston Atoll, 
Maralinga and I’alomares. This table should not be put in hcrc. A discussion of the 
findings on page 9 is important. 

Page 9, first paragraph. RAC needs to break this out into sections that are underlined or 
bolded. Take the review of the RESRAD model and put it in a section by itself: and then 
have another bolded section for the review of action levels at other sites. l’he reader 
needs to be able to find this information without digging through a whole page of typc. 
These are both important topic areas. 

You might change the lead in to say that RAC reviewed the RESRAD Model Version 
5.61 that was used to set the initial values at Rocky Flats and detcrmined that the outcome 
of the calculations using this model were strongly controlled by a few factors or 
parameters 

Page 1 1 .  RESRAD starts a new paragraph and should be indented. Add RESRAD was 
developed by DOE at Argonnc National Laboratorics in (what years) This paragraph 
should contain all the information as to where the models were devcloped. I t  does not 
necd to be repeated in the sub bullets. 
WERE NEEDS TO BE A PARAGRAPH ON THE VERSION 01: RI~SliAIl CHOSEN 
TO DO THE REVIEW AND WHY JT WAS CHOSEN 

Inputs and Assumptions to the Model 
Third sentence that starts for the parameters the were the most important to the final 
outcome, RAC developed site-specific values if data were available.. .Be more specific 
indicate the data that was available and what was not 

- 

--_ - - 
-PaPe- 14 first paragraph-you state that2 a-wide distribution of values for uranium, 
plutonium and americium, based on an extensive review of the published literature. Note 
the literature that was reviewed and indicated to the reviewer that it is listed in the 
Bibliography. 
Highlight area of contaminated zone, mass loading and mean annual wind speed. 

- - -  

Paragraph 3, page 14. You mention that .... the effect of high winds events on moving 
contamination from the 903 pad area before it was covered with an asphalt pad was 
evaluated in the Historical Public Exposure Studies on Rocky Flats. You need to provide 
information as to what those studies indicated. The next sentence is vague. Also, you 
should note and include a copy of the HAP report that deals with the 903 pad area and 
note to the reader it is attached. 

Page 15, first paragraph. The discussion of use of irrigation with groundwater needs to 
provide information that this area is a semi-arid climate and that during drought years 
water shortages occur and that as population increases the need for water increases and 
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that at some point in time the groundwater at Rocky Flats could be viewed as a viable 
resource and that is why that it needs to be considered. You may also want to indicate 
that the flow from groundwater would be 2 gpm, which is subsistance level. 

Other Parameters 
Starting this sentence with the statement that “the other parameters are vague. Name the 
parameters that were not sensitive to changes in values so the reader doesn’t have to go 
back looking for that information. 
Also the next sentence states, “for some parameters RAC changed the previous value. 
Name those parameters. 

Last sentence in the first paragraph starts “Because of the severe limitations on time 
and resources. 1 don’t axree with this statement. $500,000 is not a severe limit 011 
resources. A better statement would have been that looking at the migration ofAM 241 
and its daughters is important but not in the scope of this study. I strongly suggest that 
this sentence be rewritten. 

Plutonium Solubility and Dose Conversion Factors 
First paragraph. I don’t believe that the statement that the plutonium that is found in 
Rocky Flats soil is generally highly insoluble and attached to soil particles is correct. 1 
believe that it is also found attached to organic material. 

Table 4. 
second line. 

Under the headings there is a typo, under ICRP 71 Inhalation. The n is on the 

Scenarios 
Change We to RAC. 

=Page 19, Last Sentence Paragraph 2.- RAC states that; “This giv - -  

---- -- - - = _ : -  ~ - 
- -  

Change to “The simulations provide a range of results.” 

Page 2 1 , paragraph 2. DOE asked for a chart to compare numbers. RAC states that the 
results of the calculations cannot and should not be directly compared because of 
differences in the methods and parameters used. This statement needs to be incorporated 
upfront when RAC discusses the number for the SAL’S. This is an important statement 

I am not against also keeping the statement here but it should be underlined because of its 
importance 

CONCLUSIONS 
The conclusions need to be re-written. RAC needs to be specific in its findings in the 
conclusions. The statement on the background levels should not occur here it should be 
put into the topic area that discussed the calibration of the resuspension model. 
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COMMENT ON THE BOXES 
The boxes need to be looked at carefully. The first box in the introduction needs to have 
some rcniovcd. DO13 in fact provided a substantial amount of funding for this project. 

The box on page 2 is inappropriate and it needs to be taken out. RAC is weakening the 
strength of its' work. 

The box on page 6 is incorrect. It is just not the 903 pad that has insoluble plutonium, it 
is the whole site. 
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USING THE METHODOLOGY DESCRIBED IN 
OUR REPORTS, SCENARIOS AGREED UPON 

PROBABILITY LEVEL, THE TECHNICALLY 
DERIVED RADIONUCLIDE SOIL ACTION LEVEL 

FOR PLUTONIUM IS 

BY RAC AND THE RSALOP, AND A 10% 

35 pCi/g 

THE TECHNICALLY DERIVED RADIONUCLIDE 
SOIL ACTION LEVEL FOR URANIUM IS 

10 pCi/g 

e 

0 

THE SCENARIOS 

- 

1 1 



Parameter 

DOUEPNCDPHE SCENARIOS 
Resident Open Olfice 

SDace Worker 

Scenario name DOE-1 DOE-2 DOE-3 

Do,ae limil (mrsm) 15/85 85 85 
T imeonther8 ts (hy ' )  8400 125 7000 
l ime  indoor, onwto(X) 100 100 100 
Time ouldoors onsilo(?.) 0 0 0 
Brealhing rote Im'y' ) 7000 175 1660 
Soil ingestion 1811) (g  y' ) 70 2.5 12.5 
lrrigslion woter source 9 W  n a  na 
Irrigation ,ale (m y' ) 1 na n a  
Onsilo drinhing wetor 90urce n o  no n o  

Fraclion toed homegrown 1 0 0 

RAC SCENARIOS 

Parameter Resident Child 01 lntant of Current Site 
rancher rancher rancher indus. worker 

Scenario name RAG1 RAG2 RAG3 RAC4 

O o m  limit (mtam) 15 15 15 8 5  

Timoonthe s i l a ( h y ' )  8760 8760 8760 2100 

Onrite location East of 903 Ens1 01 903 East 01 903 Presenr 
indus. area 

Time indoor, onrite(%) 60 75 90 40 

Breathing rots(rn'y ' )  10800 8600 1900 3700 
Sot1 ingestionrots (g y ' )  75 75 75 50 
Irrigation water 30urce gwha 9w 9W na  
Onsits drinhing wolef gwha 9W 9W no 
Fraction lood homegrown 1 1 1 0 

AMOUNTS OF RADIONUCLIDES PRESENT 
IN SOIL RELATIVE TO P~-239+240 

Radionuclide(s) Relative concentration 
( IO Pu-239+240) 

Pu-239+240 
Am.241 
Np-237 
Pu-238 
Pu-242 

1 
0.1 11 
0.000000786 
o . o i 3 r  
0.00000762 



AMOUNTS OF RADIONUCLIDES PRESENT 
IN SOIL RELATIVE TO U-238 

Radionuclide(s) Relative concentration 
(to U-738) 

U-234 
U-235 
U-238 

1 
0.05 
1 

CONSIDERTIONS IN SELECTING A 
RADIONUCLIDE SOIL ACTION LEVEL 

I 
S Impact of a fire 

Although an inltequenl even. a grass l i fe in the luluie could 
si nilicanlly increase resuspension at the site. resulting in a lower 
RSAL. This possibility is laken inlo account in our methodology. 

,3 Identifying the limiting scenario 
The limiting Scenario. Le. the mosl restrictive Scenaiio with the 
probability 01 a lire taken into accounl. will form the basis 01 our 
analysis. 

$3 Numerical value of the RSAL 
We will use two s i  nilicant digits. founded to the nearest 5 in OUI 
analysis 01 the RS%L. 

CONSIDERTIONS IN SELECTING A 
RADIONUCLIDE SOIL ACTION LEVEL 

II 
0 Probability of exceeding the dose limit 

The probability for exceeding the dose limit is assumed lo  
be between 5-10%. This level forms the basis for our 
analysis of an RSAL. 

0 Robustness of the RSAL 

0 The effect of time 

The longevity or robustness of the RSAL is sonsidered in 
our calculation of the RSAL. 

We took into account the effect of time on environmental 
Iranspotl and decay of radionuclides in developing our 
methodology. 



CONSIDERTIONS IN SELECTING A 
RADIONUCLIDE SOIL ACTION LEVEL 

Ill 

.D Cost of cleanup 

8 Risks to the public associated with cleanup 
Cost of cleanup is not taken into account in our analysis. 

Risks to the public associated with cleanup are not taken into account 
in our analysis. 

83 Institutional controls 
We did not take inlo account possible institutional controls thal might 
be implemented in the future to control access or use 01 the site. 

CONSIDERTIONS IN SELECTING A 
RADIONUCLIDE SOIL ACTION LEVEL 

IV 

0 Prescribed dose limits vs. other comparable 
limits 

The RSAL is  based on the 15 mrem per year dose limit. which is  within 
the range 01 recommended values lor exposure 01 the public. 

:G Risks associated with the prescribed dose 
limit 
The lifetime risk lrom plutonium exposure at 15 mrem r' for 70 years 
will be on the order 01 5 x lo" with an uncertainty range from about3 
... 10' to 15  Y 10 ' (2 .5 *  to 97Sm percentiles 01 distribution). This level  
01 risk has not been taken into account in our analysis. 

CONSIDERTIONS IN SELECTING A 
RADIONUCLIDE SOIL ACTION LEVEL 

V 
0 Background of plutonium in the environment 

The background level for plutonium in the environment around Rocky 
Flats is  about 0.008-0.1 pCi g" .The level of background has not been 
taken into account in our analysis but was considered in our 
calibration of the resuspension model. 

@ Limits of detection 

0 Community values 

- 
Limits lor detecting an RSAL are not considered in our analysis. 

Although important to consider when deciding upon a final RSAL , 
community values have not been not considered. 



THE EFFECT OF TIME 

... 
I I 

EFFECT OF TIME 
(PLUTONIUM) 

0 12w 1600 400 aw 
Vear. 111.r 1971 

EFFECT OF TIME 
(URANIUM) 



RAC SCENARIO 1 
Rancher 

RAC scenario 1 
Rancher 

Analysis of Pathways 

Pathway Contribution lo dose 

Food ingestion 1 1 % 
Soil ingestion 13% 
External exposure <l% 
Inhalation 76% 

RAC SCENARIO 2 
10 Year Old Child 



RAC scenario 2 
Child 

Analysis of Pathways at 80 pCi/g 

Pathway Contribution to dose 

Plant ingestion 48% 
Soil ingestion 40% 
Erlernal exposure 3 ./. 
Inhalation 1 7. 

RAC SCENARIO 3 
Infant 

0 50 100 140 
-1- P" (pcwg) -& 

RAC SCENARIO 4 
Current Site Industrial Worker 

1 - E - 
0 rn 

f: 
DI 

1 '  
- 
% - - 
p l  
0 
0 

1 500 loo0 1500 

"L'"P" (pcdg) -& 



DOWEPNCDPHE SCENARIO 1 
Residential 

I 1 5 10 15 
00 

DOUEPNCDPHE SCENARIO 2 
Open Space 

DOUEPNCDPHE SCENARIO 3 
Office Worker 

10 



I 

Offsite 
doses have 
a low 
probability 
of 
exceeding 
15 mrern 
with no 
remediation. 
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RSAL FOR URANIUM 

RAC SCENARIO 1 
Rancher - URANIUM 

RAC SCENARIO 2 
Child - URANIUM 

0 50 100 120 
U 238 (pCWq) b 



RECOMMENDATIONS FOR FUTURE 
RESEARCH 

a:. Impact 01 a prairie lire 

*:. Furlher development of the resuspension model lor Rocky 
Flats 

.:* Construction 01 a computer-implemented model lor Rocky 
Flats lo  permit llexibility in analyzing different radionuclides. 
sources, and pathways 

e:* Evaluation 01 the radionuclide soil action level based upon 
risk lrorn both inhalation and ingestion of Dlutoniurn risks 
associated with plutonium 

0 Continued tracking and updating the soil action level lor 
plutonium as site-specific surface and ground water 
properties become bener known 
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RlII,ESl’ONE REI’ORT 7 

The primary objective of this project has bccn to reviciv radioniiclide soil action Icvcls 
(RSALs) adopted b!: the U.S. Dcpartnicnt of Energ!., the U.S. En\~ironmcntal Protection Agency, 
and the Colorado Department of Iicalth and Environment in 1996 for cleanup at the Rock!. Flats 
Environmental Technolog!. Site. .4notlier ob.jecti\.c has bccn to recommend a technical method for 
indcpcndcntl!. deriving RSALs for the site. 

The main dclivcrablc for the Soil Action Lc\d Prqject bct\vccii tlic Radionuclide Soil Action 
Level O\crsight Pancl (RSALOP) 2nd lUsk As,w.ssiiic~ii/ ~ . ‘ ( ~ / . / ~ ~ ~ i . ~ - / / ; ~ ~ / i  ( lU(  ‘) \ \ i l l  be a 
coniprchcnsivc rcport issucd at the end of thc prqjcct (Fcbriian. 2000) .  Tlic niaiii bod!. of the report 
has been \vrittcn for the public and siininiarizcs IL4Ac”s findings nnd recoiiiiiicndntioiis. Appendices 
(called Attachments in the .final Technical Summan. report) pro\,itlc tlic technical details of thc 
jvork. Tlic scvcn milestone rcports 1iai.c outlined IL4(..-s progress in coniplctitig the Work Tasks 
and Dclivcrablcs. and the compensation rcqucstcd according to the schcdule pro\.idcd i n  thc 
contract. Tlic purposc of this milestone report is to describe the acti\.itics that I?AC‘ has 
acconiplislicd to datc. This is tlic final milestone rcporl for tlic RSALs prqjcct and lL4C has met a11 
contractual Work Tasks and Dclivcrablcs for the pro-jcct. 

Milestone 7 (211012000) - 4 riiilestoiie itenis 

0 

Final report on inputs and assumptions \ \ i l l  bc submrttcd (part of Attachment B) 
Final report \ \ i l l  be issued co\cring the indcpcndcnt calculation ofthc RSALs (Task 5 )  and 

- meetings u i t h  the Actinide ation Pancl (Task 7) (Attachment D) 
- -  - .  - - _  - - - - .-- . _  - - _  

- - _  - - _  ~ 

- - 

0 RAC \v i l l  assist the panel in \\riting a summan document directed at the general publlc that 
nould explain tlic results of the stud!. 

The first niilestonc item, tlic submission of the final report for Task 3:. Inpii/.s ond A.ssirt?~p/ions 
\vas completed in October 1999 \vlicn the f i n d  Task 3 report \vas printed and distributcd to the 
Radionuclide Soil Action Level Oversight Panel (RSALOP). The second niilcstonc will bc mct at 
the Fcbruan. 2000 mccting jvhcn IUC presents tlic final report for Task 5: Ii7dcpcndenf 
Colciilolion for distribution to the RSALOP. The third milestone, dclivcring thc final 
comprehensive Technical Sunuiian )vi11 be completed at the February 2000 meeting \vith its 
distribution to the RSDALOP. Before the final meeting and Gcncral Public Meeting in March 
2000, IUC‘ \vi11 assist the RSALOP i n  preparing and rcvic\\;ing a siiniinary document directed at 
the general public that \vi11 explain the results of the study. 

.b 

Risk Assessment Corporation 
”Setting the sfandard in environmental health” 
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Fin:il report on inputs :ind nssuniptions will he submitfed (part of Attachmcnt 6) 
The f i n d  rcport for Task 3:  / / 7 / 1 / i l S  (in‘/ A.s.si i i~ipiion.s \\.as dclivcrcd in Octobcr 1999 to tlic 

IISALOI’ and disciisscd \\it11 the paw1 at t h n t  timc. This report is also part of Attachment B to the 
final coniprclicnsi\x Tcchnicnl Siininiai?. rcport. \vhicli \vas dcli\wcd to the RSALOP at the 
Febninr?. 2000 mccting. Thc primat?. goal of Task 3 \vas to report thc results of a scnsitivit!. 
analysis conductcd on tlic inputs and assumptions rcqiiircd for the usc of RESRAD. Site-specific 
values were dcrivcd or unccrtaint!. distribiitions \\crc crcatcd for critical parameters cnicrying from 
thc scnsiti\.it!. anal!.sis. Thc scnsiti\*it!. of cncli paramctcr \\‘as assessed using thc built-in Monte 
Carlo-bascd sensitivity analysis pnckngcd \\ i t h  thc latcst.\wsion of RESRAD. 

Fin:iI report will be issued c o \ ~ r i n g  the independent calcirlation of the RSALs (Task 5 )  
and meetings with the ~lctinidc h,ligr:ition l’nnel (Task 7 )  (Attachment D). 
Thc sccorid niilestonc \ \ i l l  bc mct :it tlic Fcbrunn. 2000 niccting \viicn IUC prcscnts thc final 

report for Task 5:  Inikc~pc~n~/c~n/ ~’o/ci i l~- / i iot i  for distribution to the RSALOP. Thc summarl\. of the 
Actinide Migration Evaluation nicctings is included as Attachnicnt D. Thc Tcchnical Sumiiian. 
report \ \ i l l  bc dclivcrcd to the RSAI-01) at tlic Fcbruan, IO1 2000 monthl!. niccting. Thc 
nictliodolog. and results dcscribcd i n  the Task 5 rcport \ \ i l l  be prcscntcd and discussed \\itti the 
panel at that timc. Objectives of this project \\ere n rcvicw of agetic!. proposals for Rocky Flats sitc 
rcmcdiation and :in indcpcndcnt calciilation of radionuclide soil action lcvels for tlic sitc. I n  
addition to mccting tlic contractunl requirements, \\e havc dcvclopcd mcthods to ansvcr the 
qucstions implied not onl!, by npplicablc rcgulato? limits but also b!. thc cnvironniental niodcls 
and csposiirc sccnarios proposed b!. in thc prcvious RSALs rcport by DOE/EPA/CDPHE. 

Final comprehensive report will be provided. 
The final coniprclicnsivc Tcchnlcal Summan. rcport. which has bccn I\ rrttcn for the cducatcd 

public. summnrizcs thc methodolog!. uscd and findings from the study. Five attachments include a 
full set of the tcchnical rcports for the individual tasks carried out for thc project that providc tlic 
tcchnical dctails of the project. Thcsc attachments include the task reports already subinittcd for 
review: Attachment A. C’lenniip LL+v/.Y 111 01l7er Sires (Task 1): Attachment B. Conipiitcr h.lodcls. 
Mcrliodologp. h/11ii  Assiintpiion.~. nnd Independent C’olcihrion (Tasks 2 ,  3 and 5):  Attachment 
C, Soil Sampling J’rofocol (Task 6): Attachmcnt D: Suniman of mcetings with Actinide Migration 
Evaluation groupl and Attachment E. Radionuclide Soil Action Level Oversight Panel infomiation 
and prqjcct newsletters. 

RAC‘s methodology for determining RSALs applicable to the Rocky Flats site was based on 
scvcral estcnsions of an carlier approach proposed by DOE/EPA/CDPHE that used the RESRAD 
computer program. n i c  contract requircd that the work consider masimuni annual dose limits of 
15 and 85 mrem in an? ?car over thc ncst IO00 years. RAC adoptcd thc 15 mrein limit for a 
technicall!. based RSAL bccause i t  \vas more protcctivc of thc public. Although several computer 
codes were considcred for use as thc basis of RAC’s anal!sis: thc RESRAD code \vas adopted 
because it \vas the most practical choicc and was required to bc uscd in addition to any othcr code 
that may havc bccn selected. RAC dcsigncd estcnsions to RESRAD to include ( I )  considcring thc 
hetcrogcncity of radionuclide conccntrations in soil around the site, (2) quantifiing uncertainty in 
predictions of dose: ( 3 )  considcring additional exposure scenarios, and (4) trcating thc possible .A 

occurrence of a largc grass fire. The csposurc path\vays considcrcd were inhalation, soil and food a 
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ingestion. and csternal irradiatioii. In addition. grouiichtcr use for both i r r ig ion  and drinking 
ivatcr \\as 3ssitmcd for some scenarios. 

The KSAL values include cstimntcs of thc uiicertnintics and aIc dcsigiicd to ciisiirc that thc 
pcrniittcd ann~ial dosc limit for the tiirgctcd individual i s  not cscccdcd \\it11 high probnbilit?:. For 
each sccnario. ciirvcs \\.crc. prcscntcd that rcpr'cscnting the probnbilit!. of cscccding the radiation 
dosc limit as a t'iinction of ';''''%I or ~irar~irim concciitr'ntions in  the soil. Each probabilit!. level 
corresponds to a distinct conccntration of-.'. -yo. :&I I'u or uranirtiii ii i  soil. 

RAC' will assist the p;inel in wtiting :I s i ir i ininr~ d o c u t ~ ~ c t ~ t  dii-ectcd at the gericr-al public 
that would explain the results of the study. 

Tlic focus of work during the final iiiontli of tlic projcct \vi11 be for the RSAI,OP to prepare a 
public summan that can be avnilablc for distr-ibirtiori at the h.larch 2000 Gcncral I'itblic mccting. 
fL4(.y \ \ , i l l  assist thc RSALOP iii this cndcavor \\-id1 rc\.iciv and discussions. 

Risk Assessment Corporation 0 "Setting the standard in ewironmenfal health" 
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... Task 5: Independent Calculation I l l  

Final Report 

GENERAL SUMMARY 

The Rocky Flats Environmental Technology Site (RFETS) is owned by the U.S. Department 
of Energy (DOE) and is currently operated by Kaiser-Hill Company. For most of its history, the 
Dow Chemical Company operated the Rocky Flats Plant (RFP) as' a nuclear weapons research, 
development, and production complex. The RFP is located 8-10 kin (5-6 mi) from the cities of 
Arvada, Westminster, and Broomfield, Colorado, and 26 kni (I6 mi) northwest of downtown 
Denver, Colorado. This current project is evaluating the radionuclide soil action levels (RSALs) 
developed for implementation by the DOE, the U S .  Environmental Protection Agency (EPA) and 
the Colorado Department of Public Health and Environment (CDPHE). RSALs are certain 
concentrations of one or more radionuclides in soil above which a criterion based on predicted 
radiation dose is exceeded. As a result of public concern about the soil action levels established in 
October 1996, DOE provided funds for the Radionuclide Soil Action Level Oversight Panel 
(RSALOP) to select a contractor to conduct an independent assessment and to calculate soil 
actions levels for the RFETS. Risk Assessrnerzt Corporation (RAC) was selected to carry out the 
study. 

This report, Task 5: Independeizt Cnlculatiori, presents the results of RAC's independent 
assessment and describes the calculations and results of the soil action levels for seven exposure 
scenarios. The goal of radionuclide soil action levels is to protect people who may, i n  the near or 
distant fu ture ,  come into contact with a site where the soil is contaminated with radionuclides at 
levels above background. Therefore, setting radionuclide soil action levels must consider the 
fo I lowing : 

0 how particulai' radioactive materials are transported, i n  the environment to people 
(transport pathways) 
how people might be exposed to the radioactive materials (exposure scenarios) 
how radiation dose to a person is assessed (radiation dosimetry) 
how radiation protection guidelines fit  i n  (annual dose limits). 

0 

0 

0 
. 

Because of these considerations, RAC focused on several Factors important in  the transport of' 
radi,oactive materials in air and water i n  an area like Rocky Flats and developed exposure 

=scenar.ios;for.the. proje.ctl 111-designing the scenarios, RAC followed the principle that if the person 
living onsite full-time is protected, -then the persoil liviri-g'offsih? wilkbe protected. :It= was  also^^. 
important to understand the behavior of radionuclides i n  the soil and how soil can be disturbed or 
resuspended, because inhalation can be one of the important exposure pathways for those living 
on or near the site. 

The exposure pathways considered i n  this analysis included inhalation, soil and food 
ingestion, and external irradiation. I n  addition, groundwater use for both irrigation and drinking 
water was assumed for some scenarios. The occurrence of a prairie fire that would reiiiove the 
vegetative cover and result i n  increased resuspension of soil for ii period of time was also 
considered . 

The radionuclides "'Am and the several isotopes of plutonium ('%i through '"Pu) in the 
soil a t  Rocky Flats are the major radionuclides considered i n  the calculution. This contamination 
is iiot uniformly distributed across t h e  facility, varying by more than ;I factor of 100. Uranium is 
also present in  the soil at a few locations on the Rocky Flats site i n  conceiitrations above natural 
lxickground, bu t uranium con taminat ion resulted priinari I y f'rom burn pits and isolated s pi I Is, and 

--> ~ .= ~ . ~~ 
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the contamination is therefore niore homogeneous i n  nature. For uranium. we assumed fixed 
isotope ratios for the "'U, ? J ,  and '"U present at the site and expressed the composite uranium 
level in t e r m  of a single isotope, U. For plutonium, we calculated isotopic ratios and decay 
chains for all isotopes of plutonium, ainericiiini-24I, and neptunium-237 starting w i t h  initial 
conditions measured i n  197 I. 

For the calculations, we used the RESRAD Version 5.Q an updated version of the RESRAD 
program used for the earlier calculations, because i t  was tlie most practical choice and because we 
\\'ere required to make calculations wi th  RESRAD i n  addition to any other code that may have 
beeti selected. To make the code better suit our needs, we designed extensions IO KESRAD to 
include ( I )  consideration of the heterogeneity of radionuclide concentrations i n  soil around the 
site, (2) quantifying uncertainty i n  predictions of dose, (3) consideration of additional exposure 
scenarios, and (4) treating the possible occurrence of a large g a s s  fire. 

The modified approach for our analysis to include soil resuspension after ;I prairie fire 
accounted for the removal of the vegetative cover and increased resuspension of  soil for n period 
of time. For each scenario, we incorporated the probability o f  ;I fire occurring in the area using 
fire statistics for this century i n  tlie Arapaho and Roosevelt National Forests and the Pawiee 
National Grasslands. For the plutonium assessnicnt, the probability of ;I fire occurring on the 
rancher's land at the RFETS was estimated to be I x IO-'. 

Calculation of RSALs for uranium was done differently than t h a t  for plutonium because tlie 
nature and extent of containination differed between the nuclides. Our treatmsnt of  plutonium 
considered a I ~ - k m '  coiitaminatect area. Using spatially variable soil coiiceiitratioiis aiict 
measured air concentrations of plutonium around the site. w z  calilwtetl ;I suspznsion model so 
t hat the suspension rates of 131 u ton i u ni-con la mi 11 ;I ted soi I \VC)CI  Id y iz Id co iiccii t rat ions C U  rrei i t  I y 
measured at the air samplcrs. This procedure \vas not esteiiclcd to ur:i~iiLIin LXCiiLISi: a) u i m i u i i i -  

specific measurements were not available at the samplers and. 11') i i r i i i i i i i i i i  contaiiiination is iiot ;is 

widespread as plutoniuni, and therefore would not be cspec~ccl  to respond i n  tlic same iii:iiiiier. 

Our investigation indicated that uranium \vas mainly liniitccl to past clislmsal areas mid burii pits. 
Furthermore, Litaor ( 1995) notes tcrndnmentnl difl~ereiices ifi solubiliry characteristics 01' 
plutonium and uranium that, in turn. alfect their mode of dispersiioii in thz znviroiiiiient. 

The prairie fire w;is not considered tor the uruniuin :iiialysis bccause the smallest hre ;ire;i 

considered in the fire statistics data set was 4.05 x I O '  IN', o r  IO0 iictes. Using the area 
encompassed by uranium contamination (100 m'), yields ;I pwhahtl i1y of ;I fire t l iat  is 5 orders 01' 
magnitude lower than that for the plutonium case. Additionally. only the inhalation Ixitliwiy wis 
affected by the fire m d  inhalation doses made u p  :I s ina l l  l'ractioii of rlie to1;iI ur;iiiiiim close. 
Nevertheless, we raii a trial fire case to verify that eve11 i t '  there were ;I fire. the closes from 
uranium would not be significantly higher. For this trial. w e  conservatively irssuriied t l i a t  any lire 
occurring on the site ellcompassed a iiraniuni-contaminaretl :ma.  

Details of our technical approach for determining isotopic ratios, estiinuting concrntration 0 1  
plutonium i n  air, calculating uranium RSALs, calculating alteriiativc puncl\vater dose from 
rneas u re nie ii ts i 11 the I i te r;i tu re.. pro v i cl i n pe rs pec t i vz o 11 r i ?; k . ;I I icl (le sc t i  b i ii g ot he r c o m 1111 t ;I t i o ii i i  I 
details of the RSAL calculations are described i n  the report aiid i i i  Five :il)peiidices. Wi: applircl 
this approach to tlie Rocky Flats data using the iiiost rcsirictise csposiire scenarios approved hy 
the  Oversizht Panel and assuming ii 10% probability tha t  thc I 5  mreiii per )'car close l i i i i i t  will be 
exceeded (i.e. ;I 90% probability that the dose l imi t  will 1101 bc esceetled'). 
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739~210 Using this approach, the technically derived RSAL for - PLI i n  soil at Rocky Flats would 
be 35 pCi g-'. The results as presented are a reasonable indication of KSAL magnitudes based on 
purely scientific considerations. Table GS- I shows the results of the plutonium calculations for 
each scenario at about the 10% probability level. 

Table GS-2. Plutonium Soil Concentrations (pCi g:') at 10% Probability Level' 
Scenario Dose Limitb 

DOE- 1 (resident) 45 260 
DOE-? (open space) 6600 
DOE-3 (office worker) 1600 

15 mrem S 5  mrem 

RAC- I (rancher) 
RAC-2 (child of rancher) 
KAC-3 (infant of rancher) 

35 
35 
85 

RAC-4 (industrial worker) 90 5 30 
At the 10% probability level, there is a 90% probability that the dose limit will izor be exceeded. 
Based on EPA guidance from 40 CFR 196; they are the dose limits used i n  the previous 

DOEEPAKDPHE 

RSALs are also presented in this report for uranium isotopes (334U, '"U, and '"U) for tlirec 
scenarios: the DOE resident (DOE-I), the KAC rancher (KAC-I ). iind RAC child (RAC-2) 
scenarios. The DOE resident scenario was chosen lor comparison wilh Ri\ C's methodology. Thc: 
rancher and child scenarios were chosen because these scenarios yielded the iiiost restrictive 
RSALs for plutonium. Assuming a viable groundwater pathway and ;I 10% probability: the 
technically derived 23sU KSAL lor the most restrictive scenario (the 1-mcher child) &IS 10 
pci g-I. 

We also developed an alternate method for calculating acceptable levels of radionuclitles in 
soil. This method was based on calculating annual doses to the receptor for different remediatioii 
(i.e., cleanup) levels. The remediation level that resulted in a 10% probability that t h e  15 mrcm 

~~ = = == dose-limit   would be=exceeded=d-efIned the RSAL. This method more explicitly ilddrcsses the 
heterogeneity of the site and makes i t  possible to estimac RSALS th~~-co~rrespond-niorc-directIy- 
to a remediation strategy than does the sum-of-ratios technique used w i t h  KESRAD. Thc 
approach is more difficult to implement and therefore has not been ful ly  ;iutomatcd i n  the 
analysis. However, because it is more explicit, i t  is ;I useful check on the sum-ol'-ratios iiicltlod. 
and we include its results in these conclusions. This alternate calculation resulted i n  an RSAL at 
the IO% level of about 37 pCi g-', suggesting a \ d u e  consistent w i t h  35 pCi g-' as a technically 
based RSAL for the Rocky Flats site. 

While our methodology and the resulting RSAL values are scientifically defensible and arc 
based on sound science, RAC believes that additional work could reduce some of the uncertainties 
and refine the KSALs. There were specific arcas where more infomiation or niore organized 
research and scientific inquiry would have allowed us to make better parameter estiniates 
Foremost among these are data that quantify the impact o l  a prairie lire on the land now occul3icd 
by the Rocky Flats site and the data from the Actinide Migration Evaluatioii studies. Acltlirion:il 
;ire;is where research could enhance this work arc clcsci-ilxd in  this report. 

. ~ ~~ ~. ~.. - ~~ 
=- - .~ .~ 
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by the Rocky Fiats site and the data from the Actinide Migration Evaluation studies. Aclditioiial 
areas where research could enhance this work arc described i n  this report. 

A sound technical foundation and credible scientific methodology are the most important 
elements i n  setting soil action levzls for Rocky Flats site. However, the final decision on setting 
the RSALs ultimately lies in  the hands of the stakeholders, DOE, arid other State and federal 
authorities. There are other criteria that influence the decision-making process for the Rocky Flats 
site, such as the  cost of cleanup, protection of ecological resources, and community valtres. Thc 
approach to cleanup that is ultimately iniplemented by the DOE at the KIXTS will involve m:rny 
political, social, economic, and moral decisions. It is imperative that a l l  involved i n  the decision 
process recognize these factors and t h e  integration of ideas that must go into making a decision of 
this type. 
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1. INTRODUCTION 

e 

The Rocky Flats Environmental Technology Site (RFETS) is owned by the U.S. Department 
of Energy (DOE) and is currently operated by Kaiser-Hill Compmy. For most of its history. tlie 
Dow Chemical Company operated the facility under the name Rocky Flats Plant (RFP) as a 
nuclear weapons research, development, and production complex. The site is located 5-6 mi (S- 
10 kni) from the cities of Arvada, Westminster, and Broomfield, Colorado and I6 mi (26 kin). 
northwest of downtown Denver, Colorado. In this report, we refer to the facility either by the 
acronym RFETS or as the Rocky Flats site. 

The current project evaluates the approach to soil action levels for radionuclides (RSALs) at  
Rocky Flats proposed for implementation by the DOE, the Environmental Protection Agency 
(EPA), and the Colorado Department of Public Health and Environment (CDPHE). In response to 
public concern about tlie soil action levels proposed by these agencies (DOE/EPA/CDPHE 1996), 
DOE provided funds for the Radionuclide Soil Action Level Oversight Panel (IISALOP) to select 
a contractor to conduct an independent assessment and to perform ;in independent calculation of 
soil action levels for the RFETS. Risk A.s.s~'.~.wieizt Coryor-ulion (RAC) was selected to carry out 
the study. This report describes the calculation of these soil action levels based on an approach 
developed by RAC. The use of the KESRAD computer program (Yu et al. 1993; Cliang et at. 
1998) i n  the calculations w a s  a contractual requirement. 

The calculations are bascd on seven exposure scenarios that  ~vere described in  the Task 3 
report (Aanenson et al:, 1999). Specified for each scenario is ;in annual l imi t  for radiation dose to 
the result.ing from exposure to Rocky Flats raclionuclides. (,By the tern1 si,l?jcct. we mean tht :  
hypothetical individual described b), t l ie  scenario.) I~ii~~ii~oiii i icnt~il  closc: inoclels ;ire iisccl to 
estimate dose from specified concentriitions of riidionuclides i r i  eii\.irOiimeiital media. A 
radionuclide soil action level for ;I given exposure scenario is generall! ;issiiiiicd to  niean thitt 

concentration of the radionuclide i n  soil for which the model predictioti 01' t l ~ s z  for the scenario 
subject equals the dose liinit. Higher soil concentrations of tlie raclionuclide would give CIOSL. 
predictions greater than the dose liinit for the scenario, and lower concentr;itioiis would give dose 
predictions below the dose l imi t .  

When multiple radioriuclidss are prc'seiir in soil (say i i  of tlieiii). nic;isured or hypothcsizecl 
concentrations can be conibined with the respective IiSALs i n  ;I suni of ratios S: 

~ -- .- ~- . ~~ . - 
. .. ~ -. . - -~~ - - conccnlratioi+ - . .concentr;itiom/, . . :~ . ~ ~ =  i_ 

- .  - - . _&. _ _ . ~  . . ~ ~  = _  __ ~~ 

S =  + 7 .. '+-~ 
IISAL, I< s.4 L ,, 

If S exceeds I ,  the estimated dose produced by  tlie combined ol~servecl concentr;ilions exceeds the 

dose limit for the scenario. For '"Ani, '."Np. and the. sevei-al isot.opzs of plutonium ("'Pu thI-ough 
':"Pu) i n  the soil at Rocky flats, [he activity ratios inay bz assurncd relatively constant over the 
domain of observation, although they change over time. Most 01' the radioactivity of these.- 
isotopes i n  the soil on and near the site cai i ic I'tom ~;;iste stored i i i  barrels on a11 unpaved p ; ~ d  i n  
the 903 Area. Leakage from the barrels contaminated tlie soil lxneiitli theni. and the 
con tami nation was s 1) read by w i nd -i nd wed res us pe n s io n ;I ntl cle pos i t i on o 1' so i I par t  i c Ics . TI ie 
redistributed contanination clominates other ruclioactivity i n  the soil over ii1ost of thc site, aI1d the 
spatially consistent isotopic ratios are attrihutahle to [ l ie origin 01' these raclionuclidcs 1'I-oin the 
waste. ba rrcl s . The coin b i na t  ion lJ"+''''' PLI is the most extensivel). iiizasurecl cluiintity, aiid i t  has 
been the primary surrogate for plutonium ;rncl ;iincriciuin i n  thc s o i l .  11 is possible to c~sc thc 
isotope ratios to cxpress the ni;ixiniiim ;innu;iI  Jose f r u n i  aincriciuiii u i c l  all plutoniui-n isotopcs LIS 

i 
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739+2-10 a function of - Pit concentration in  the soil. This relationship makes i t  possible to express a 
composite soil action level solely i n  terms of -- Pu (altliou$ it depends implicitly on 
americium, neptunium, and the other plutonium isotopes, and their relative contributions to the 
maximum annual dose). 

Uranium is also prescnt in the soil at ;I few locations on the Rocky Flats site, i n  
concentrations above natural background. The history of this contamiliation is different from that 
of the americium, neptunium, and plutonium from the 903 Area, and i t  does not appear possible 
to es ta bl ish a simple spatial relationship hetween t he uranium and pluton iu m-related isotopes. 
However, i t  is reasonable to assume isotope ratios for the '"U, U, and '38U present at tlie site 
and thus to express the composite uranium level in  terms of ;I single isotope, which we have 
chosen ;IS 23sU. We present separate RSALs for plutonium and uranium isotopes. 

The calculations reported here incorporate estimates of parameter uncertainty. Results for 
each scenario are presented in  terms of the probahility that the dose limit will not be exceeded, as 
;I function of 13')+2J0Pu, or 23sU, a s  the case may be. Uranium RSALs are based on the assumption 
of a stiiall area of contamination (hot spot). Plutonium RSALs depend on ;I heterogeneous spatial 
distribution over a large area. 

All cnlculations of soil action levels involve tlie use of RESRAD version 5.Q. However, for 
1 he 11 I u to t i  i u in calcu la t io tis, s pcc ia I tec h n i y Lies were rcqu i r-ed to c i rc u m  \fen t the resus pe t i s  ion 
iiiodel that  is programnied i n  RESRAD. Calculations cxtcrnal to I<ESRAD. reported i n  Section 4, 
establish relationships betwccn levels ot - Pu i n  the soil and atmospheric concentrations at 
primal-\. locations of the scenario subjects. For the umption of ground cover a s  it normally 
esists on the site, a regression iiiialysis of a i r  monitoring data for plutonium \vas carried out to 
estiiii;itt' parariisters 1'01 tlie resuspension model used in tlic c:sternal calculations. These 
ca1cul:itions of a i r  coiiceiitriition ;it ;I receptor location ;ire hasecl 011 ;I smoothed representation of 
plutoiiiuni soil clata 1.01. rlie sir2 (Section 4) and integraiion of ;I Gaussian plume model over t h e  
coli t ai i i  i nated sou rcc reg ion (Sect i on 5 ). 

I tie possibility ot' cat:istropliic (or Iiitman-trigferecl') natural events cannot realistically be 
ignored. It is eiitircly i~lnusihle that ;I prairic-grass fire coiild burn  all vegetation off large areas of 
( l i e  site. 1e.aving bare soil t'or ;I year or inore. with tlic potential for enlianccd resuspension until  
tile vcgetutioii is reestablished. Scenario variants thar iissciiiie tlic ;iI-.reriii;ith of an ektensiw fire 
rlius require resuspeiision parameters I'or unvegetated soil. P;ir;.itiietcrs l'or such conditions ;ire 
highly uncertain; our cstiniate of ;I resuspension fuctor from the l i t x i t i t r e  h a s  four orders of 
m;iyiti ide 01' uiiccrtainty (Section 5.3). Such ii loss of vegetation could also change the drainage 
c1i;rracteristics of the soil u i i t i l  the natural growth was reestablished. One possible consequence is 
:I c h ;I n ~ e  i 11 the. re I ;it i ve con t ;i m i t i  ;L t i o n of s u r facc -\vatc r and gro u t i  d w a te r . w ti i c h c oii Id have an 
efl'cct on dose estimates for mine scenirrios. Although we \voi.tld expect any changes for the 
scznariiis under study to be minor. this hypothesis has hydrological iniplications that cannot he 
cxp~ored \ L i t t i i n  tIic rcsourcis of this project. 

Some scenario variants cliscussecl i n  this rcporr assuiiie the u5e of water from a contaminated 
; q u i  I:r. In general, transit times for plutonium froin soil to groundwater exceeded the 1000-year 
tiiiic of compliaiice. 'rlierefore, thc \\later pathway hac1 liltle i m p x t  on the results. Ur-anium 
isotopes itre iiiore inolii le tlieii p l u t o i i i u m  isotopes, atid ~rouncltv;iter doses from itraniitin werc 
apljrecinble i i i  tlie I OOO-year coinpliancc t i ins  frame. The results o f  these scenario variniits must 
tw cnrisiderecl tentit t i vs. Soi I-t  o-w;ttc r path ways c;i t i  [io t be ! reatecl deli n i t  i vel y wid1 i n this project 
Iiec;~usc of tlicir complexity and tlie incompleteness o f  data specific t o  this sitc. Some 0 1  these 
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questions are within the piirview of the Actinide Migration Evaluation, and any treatmcnt 01' thcm 
that might be atteinpted here would be prematurc. Instead, we have adopted for the R.4C 
scenarios most of the water pathway paranietcrs used for tlie DOE Resident scenario. That 
scenario considexs only water-borne contamination throiigh irrigation o f  garden crops from ;I 

well. DOE presumably assumed an uncontaminated municipal water soiirce for all other water 
uses. For the RAC Resident Rancher scenarios, contaminated well water was assumed as the 
source for all water pathways including direct consumption. The RESRAD water-related 
transport parameters for the DOE Resident scenario were based on site-specific data 
(DOE/EPA/CDPHE 1996). Most of these parameter assigninents were adopted for the water 
variants of the RAC scenarios. The exceptions were tlie soil-water partition coefficients K ,  (mL 

g-l), which are treated here as having order-of-niaSnitiide uncertainty. 
Calculations with the scenario variants that assiiine exposure IO contaminated water indicate 

that in  for uranium, the water pathway can dominate other exposure pathways. Specific cases are 
shown and discussed i n  Section I I. I n  addition, an alternative groundwater dose calculation for 
plutonium isotopes based on measured clata is presented in Appendix B. But none of these results 
should be considered definitive in vie\\' of the incomplete information concerning radionuclide 
transport and exposure of sub.jects by these water pathways. The only conclusion to be drawn a t  

this time is that the water pathways should not be clismissccl out o l  1i;incl. Itather, their potential 
for exposing people to radionuclides now resicling in  the soil on and near the Rocky Flats site 
should be investigated further LIS intorination I'rom the Actinide h'ligration Project mid other 
sources bccomes availuble. 

I n i t i a l  indications, based piirtl!, 0 1 1  I-C~LIIIS w i t h  t he  DOE scenarios reported in  
DOE/EPA/CDPHE (19%). pointed t~ the inlialat ioii of' rcsiispcndctl raclionrrclicles ;is tlie 

domin;iiit exposure puthwa>r.  Uncler the assurnption ol' tlie noriiinl gouncl cover lor tlie site. 
however. the rank of this' path\vii!r i n  o u r  calculntions has  iliiniiiishcd i n  l.:ivor of soil ingestion. I n  
the casc of uranium, [tic contaniiiiatcd uater pnthw:iys (lor \vhicli the caveats of' the previous 
paragraph mist be kept i n  mind 1 sli(.~w ;I potential lo r  doniinanl importance. 

I-Io\vcver, there are two othei rtxsons t o r  the cliaiigc: i n  p i i t l i uay  rank: 
( I )  The change in restisl)c'iisioti iiiodcling 
(2) Replacement of  ttit: r;idiation close coefl'icieiits iisecl 1.m the analysis reported by 
- - - . .~~~ -- BOE/EPA/C D P H E ~=(4 9 OO-) w i t li -1 hose m i  i x i  i t 1 y. ,reco I i i n l ~ t i  cled-. fg-.~ [I i.e -12 11 L,I i c L? v t ti 

I n  tern ;i t i on a I Coni ni i s s i o n o t i  I<; i d  io 1 og i c ;I I I'ro tee t i o 11 ( IC I1 1'). 

-~ 
.~ ~. -2.~ . =__ ~~~ 

Updating the dose coefticieiits liacl the effect of simultaneously reducing thc annual dose per 
becqiierel intake by inhalatioii :iiitl iricre;ising the closc per becqiicrel intake by ingestion. TIILIS. 
the change i n  the dost: cocll'icients increased tlic i!iSestinn tlosc: ;und decreased the inhalation dosc 
from resuspended radionuclides. leaving the ingcstion close the ilomin~int one for some cases. -. 

111 the variants of KAC sceiiarios tha t  consider the at'tcrniath of a fire, however, the generally 
high rate of resuspcnsion rcstor~'s tlie iiihalation close to its position of tlominance, dthoLIgh 
depletion of tlie siirfxe soil \.ia Ic;ictiing coml)licatc the pictiirc. \\'hen smal l  K ,  ~ ~ a l u e s  occtir i n  

the IvI ont e Ca 1-1 o sa I l i p  I ins i n c o  1i.j 11 nct ion \vi  t 11 s LI I'cic ie n t I y s ilia I I rc si1 s pens i on factors. close 
coni po nen ts fro in t ti e i ii ge st io I i p; i t I i ways c ;I I 1 doni i I i ate. S ti c 1-1 c: 11 t s I i ;I ve ;I s LI f f i c i c n t 11 roha t> i I i t y 
to influence the curvcs tha i  slww [hi: piubability 01' esceecling the clost: limit as i i  function of 
radionuclide concentr;ition i i i  soil (Sc'cticin I I ) .  

- 
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The probability curves i n  Scctioii I I provide a coinpact niems of a1ipr;iisin.g the relationship 
between the annual dose limit for a sceiiario and radionuclide levels t h a t  would (according to the 
environmental niodel) produce that annual dose. Ttic relationship is affected by uncertain 
parameters, and this component of uncertainty is taken into xcouiit by estimating the probability 
that the annu:iI dose limit will be exceeded. This probability is plotted against thc concentration of 

This kind of analysis facilitated by these plots provides information to help interested parties 
quantify stmdards for acceptance of' soil action levels. It does not provide value judgments about 
what probability criterion (c.g., 5 %  or 20%) should be adopted i n  ;I given case. However, there is 
regulatory precedent for 10% (Section IO). The analysis provides RSALs for several exposure 
scenarios, but it  c;innot settle the question of which scenarios should be judged most relevant to 
remediation of the site. Land use, and institutional control, environmental tradeoffs, and cost are 
matters that iiivolve political considerations beyond our scope. Our information bears on such 
questions, but thc values of the parties involved are required for deciding them. Weight must also 
be given to practical constraints of what is technically feasible. 

We wish to emph;isize that the calculations described i n  this report demonstrate a general 
approiicli to the question 0 1  Rocky Flats soil action levels. It has not been possible, within the 
resources of this prqject, to consider some refinements that would improve the assessment, but we 
hclievi. the discussions and results adequately deiiioiistratc: the approach. We applied this 
iippronch to the Rocky Flats data using the most restrictivi: exposure scenarios approved by the 
Oversight l'aiicl and assiiniiiig ;I 10% probability that the 15 inrem per year dose l imi t  will be 
esceccled. Thc results as  presented ;ire ;I reasonable iiidication of I<SAL magnitudes based on 
p~irely scientific cc)iisicler~itioiis. I~ecominenclations for furtlicr resurch ;ire presented. I f  these 

'119+240 PLI on the horizontal axis. 
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2. BACKGROUND OF THE STUDY 

The focus of the current project was to develop ii methodology for determining radionuclide 
soil action levels (RSALs). in 1996, tlie DOE, the Environmentnl Protection Agency (EPA), and 
the Colorado Department of Public Health and Environment (CDPHE) proposed interim 
radionuclide soil action lcvcls to be used in the cleanup of the Rocky Flats site 
(DOE/EPA/CDPHE 1996). As a result of public concern about the soil action levels established 
in October 1996, the  Radionuclide Soil Action Level Oversight Panel (IISALOP) was formed. 
The RSALOP was a group of community members with considerable experience i n  Rocky Flats 
issues. In 1998, DOE provided funds for thc RSALOP to select a contractor to conduct an 
independent assessment of the proposed interim radionuclide soil action levels (RSALs) and to 
calculate RSALs for the RFETS. Through a competitive bidding process and evaluation, Risk 
Assessnzcnt Corporuciorz (RAC) was selected by the RSALOP to carry out the study. Work began 
in October 1998 and was conipleted in March 2000. 

To understand the scope of this report, i t  is important to understand the design objectives of 
the entire project. These objectives emerged from the scope of work and determined much of this 
analysis’ direction. Key design objectives are listed below. 

Base the soil action level on ;I dose constraint rather than a level of risk. 
Consider t\vo dose constraints: I5 mrem (0. I5 m S v j  i n  ;I year for unrestricted use of 
the site and S5 mrem i n  ;i year for restricted use. The dose limits were those chosen 
for the I996 assessiiient (DOE/EPA/CI)PHE I996j and are based on EPA Draft Title 
40 CFR 196. wliicli states that ;I rcincdiation standard of 15 mrem y-’ should be used 
at sites with radioactive matcri;il i i i  a11 ciiviroiiinitntal media (EPA 1996). Ttic 
racliation close to be received by  ; in unrr:strictetl relcase exposure scennrio will 1101 

exceed S 5  irirem y-’  so  rh;it a i i y  iiidiv,iclual will not receive more than .the ICRP 
recommended dose l i m i t  ot. 100 inrem even i t  I N K I  usc restrictions fail ir! the future  
(ICRP 1977). 
Consider any realistic scenarios 01‘ exposure for tlie future aiicl do not be limited to 
11 s i ng sce n ai-i os t ti at had 13 re  vi ou s I y bee 11 13 r o  posed . 
Lncludr uncertainties i n  the calculation to the greatest cxteiit possit>-le. 
Incorporate’ sits-specific data into the calculation \ \here they ;ire available. 
Evaluate diff<r&nl c%il;lpCiteT coclese that-are-a\iail:iblc-~for- calculating- R S A L - ~ a n d  ~~. ~. ~= _._=. ~ 

select one to 1.1s~ t h a t  is ttiz hest tor the situation a t  Rocky Flats. The KESRAD 
envirorimental transport coniputcr code, Version 5.6 I (,Argonne I993), was cised in 
the previous assessmelit ;is specified by DOE Order 5400.5. 

7. Use ii documented and reviewecl compiitzi- code; however, modify this cock if 

S. Evaluate dl input  parailicters to the IIESRAD computer code and suggest 
altzrnatives if values iirc not Lippropriate for thr: Rocky Flats site. 

9. Compleie the w o r k  within the tinic coiistr;iiiits given and interact with the RSALOP 
and the public at iiionthly avnilahility sessioiis and l’oriiial meetings. 

I .  
? -. 

3 .  

4. 

- -. -~ . _ L - _ .  .- - - ~. ~ 

- -  .~ .~ 

6. 

i possible to improve thc qwlity ot‘ [lie calculation. - 

0 

e. I his s tudy  tlcvcioped out 01’ coiiccrii about the methodology m d  lack of public input 
iiivolved i n  the proccss ot‘ estd>lishing interini soil action levels hy  IlOE/EPA/CDPHE (1996). 
‘I’liese raclioiiuclidt soil actioii Ievcls or clitaniip levels Lirt prcseiited in  Tables 2- I and 2-2. Table 
2- I shows the 11017/EP,~/CDI’I-IE iiidiviclual soil actioii level results. Table 2-1 shows tlie suI11- 
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of-ratios example that considered a fixed ratio of '39Pu to "'Am. Comparisons between these 
results and the results 01' the k \ C  calculations to be presented i n  this report are discouraged 
because the two sets of calculations were performed with (I) different dose conversion factors 
and (2) different resuspension models and data. Additionally, ( 3 )  i n  the DOE calculation, tlie 
principal pathway was inhalation; i n  the corresponding RAC estimate, i t  was ingestion, and (4), 
the DOE calculation was deterministic, whereas examples of RSAL numbers using the RAC 
methodology prescnted here represent the 90th percentile of a stochastic simulation. RAC also 
included the effects of a prairie grass fire on tlie calculation of soil action levels for every 
scenario 

Table 2-1. Individual Radionuclide Soil Action Levels (in pCi g-') Proposed by 
DOIYEPMCDPHE in October 1996 a 

Res iden t Office worker Open space user 
Radionuclide I S  nvemb ss inrenib 15 mremb 15 mremb 
Ame r i c i u m- 24 1 38 215 209 1283 
PI ut oniuni-239.240 252 I429 1088 9906 
Uran i i t  m-234 307 I738 I627 11500 
Uranium 235 24 I 3 5  113 1314 
Urnn ium-23s I03 586 506 5079 
"Taken from Table ES- I. DOE/EPA/CDPHE 1996. 

Annual tlow limits I> 

l'ahlc 2-2. I)OE/EPA/CDPIIE Example of Radionuclide Soil Action Levels 
(in pCi g-') lhsed on tlic Sum-of-Ratios 

Office Worker Res i d  en t 
Radlollucl Idc, I 5  mrem 85 mrcm I5 nirem 
Aiiieric i urn-24 I 21 117 101 
PI utonium-7_19.240 I15 65 I 562 

This prqject \v;is broken into eight tasks. Two of the tasks, public interaction (Task 7) and 
interaction wi th  the actinide migation evaluation (Task 8) occurred throushout the course of the 
project and impacted the evolution and outcomes of other task reports. This Task 5 report builds 
on the groundwork laid by three previous reports: Tasks I ,  2, and 3. 

thc RSALOP w i t h  i i i i  unbiased evaluation and comparison of previously dtveloped soil action 
levels for the RFETS and other facilities (Weber and Till 1999). Soil action levels and other 
cleanup criteria have bezn established at ii nunibcr  of national and interiiational sites. Based on 
our revie\\, of soil acrion levels at other sites, KAC concluded that the soil action levels developed 
hy the l~OI~/EPA/CDPf-1E for use at the RFETS are significantly hizher than action or cleanup 
levels ;it other kicilitics. This was [he case even when nornialized to dose, i.e., presented as soil 
level per itnit  dost.. RAC was ablc to identify the differences between levels i n  alniosl every case. 
The discrepancies \\'ere always related to different par;imeter valuation or different baseline 
:rssuniptions. 

i 

The first task of the study (Task I .  Cleanup Levels at Other Sites) ~ I S  designed to provide - -  



Task 5 :  Independent Calculation 2-3 
Final Report 

In Task 2, we evaluated five environmental assessment computer progr;ims tor use i n  the 
project (KESKAD, MEPAS, GENU, MMSOILS, and DandD) (Killough et al. 1999). Based on 
this evaluation, RAC selected an updated version of the RESRAD code, Version 5.S2. lor all 
independent calculations of soil action levels for the current project. RESKAD Version 5.S2 
employed a revised methodology for resuspension that RAC fo~ind unsatisfactory for evaluating 
Rocky Flats soil action levels. This led us to devise 0111- own treatment of resuspension, which is 
described i n  this  report. 

The outcome of the KESRAD calculation is strongly controlled by a few parameters, as . 
shown i n  the Task 3 report. The controlling parameters are mass loading (resuspension). soil- 
water equilibrium distribution coefficient, mean annual wind speed, and area of the contaminated 
zone. RAC studied the influence of these and other parameters on determining the soil action 
levels. The input parameters to RESRAD were described in detail i n  the Task 3 report (Aanenson 
et al. 1999). Each parameter of significance to the  calculation i vas  described, and distributions of 
values for significant parameters used in the independent calculation were given. Many other 
parameters are discussed i n  the Task 3 report, not because they significantly impacted the 
calculation, but hecause we changed the values from their DOE/EPA/CDPHE value to better 
retlect the current state of knowledge. 

Another important consideration is the dose conversion factors (DCFs), which are the 
r~idionuclicle-specific factors that determine t h i  dosc per unit concentration of inhaled or ingested 
radionuclide. We used DCFs from the most recent LCRP reports (67 and 7 I ) addressing the 
subjcct (ICRP 1996) rather t h a n  the values from ICRP 30 (ICRP 1979) L I S Z ~  i n  the original DOE 
;isse.ssnient. The nt'wcr ICRP 7 1 (ICIIP 1996) inhalation dose cocfficients lor plutonium arc 
lo~ver than I hose reported i i i  ICKP 30 primarily because the newer respiratory tract model 
assumecl ;I reduced uptake ol' plutoniuni from the luns. The newer  inodel also considers dose 10 

specific cells ;it risk (,target cclls) rather than calculating ;in average dose over ii region. 
\\/e also st~idieil soiiie iniportant scenario-related paranizters in  detail. such as the breathing 

raic mtl soil ingestion rates (Aiineiison et al. 1999). The esposure sccnarios are an integral part of 
the soi I action levcl work, & i d  RAC invested considerable thought and time to ensure the 
scenarios \vould be protective of people who may come into contact with the site i n  the tuture. 
Each scenario hypotlicsizetl ths exposure characteristics of ;I single individual, with a defined set 

._- =_ .~~ of t x t i a y i q r s  an4 ptiysic;il~+ lites (i.e., exposure scenarios were treated dcterministically i n  this 
;iii ;L I y s i s:) . [\'.A C e \la I uated t h hree scenarios~described~ i l l  tlli-ekisting -soiI~~action-le\~el--rcpo~-t= = =; - -- == ~- ~ 

(DO IYEP.A/C DP t-IE I 996 and de ve I oped four add i t i  o m  I sce narios ;I fte r n u  meroils discuss i oils 
with the RSALOP. The sceiiarios ;ire d. etined .. by numerous parameters 0 1  varying importance. 
Esainples of  important scenario parameters include breathing rates for various activity levels and 

oil ingestion raies for cliildreri arid adults, fraction of time spent indoors and outdoors. anti 
the potential use of' or esposure to contaminated water from the ;ire;i. We focused our greatesp - 
effort on establishin ues f o r  hrcathing r;ite and soil ingestion because they were parameters in 
\\fhich [tic pmcl csp cl p r i i i i q  interest. 

RAC :ilso devolopecl ;I Monte Carlo interface for IIESKAD to estimate uncertainty 
distributions for thc: t'inal dose iiird soil action level values lor each 01' the scenarios a n d  L I S ~  

I~rotxibilicy distributions clevelopc.d for the i n p u t  piiriimcters (.Aanensoii et al. 1999). This interface 
also IielIxxI LIS consitler the nonunif'orin sputiiil distribution ol' plutoiiiuni anti aiiiericium i n  the 
soil on and new the RFP site. The inici-t'xe \r'as ca1ihr:ited to reflect site-specific conditions and 
used si t c -spec i f i  c t I i st o r ic tlai a ,  partic u I M I  y ai r nioii i tori ng and soi I c on cent rat  io n data. 

.~~ - .~ ... ~ 
-~ ~ .. ~~ - .~ 

~ 

~. = __ . ~ _  - _  
~~ 
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This ciirrent report builds on the assumptions and methodologies explained in  the reports for 
Task I (Weber- and Till 1999), Task 3 (Killough et ai. 1999), and Task 3 (Aanenson et al. 1999). 
Therefore, we encourage the reader to review these previous reports for specific details about the  
techniques we used to estimate soil action levcls and input data used i n  our analyses. 

i 

._  



3. ISOTOPIC I~ATIOS FOR PLUTONIUbl, AMERICIUM, 
AND NEPTUNIUM 

Plutonium radioactivity nieasurenicnts i n  the soil and a i r  at Rocky Flats are expressed as the 
sum of the  isotopes "9P~t and ""Pu. Other isotopes of plutonium are present in addition to 
ame r ic i i t  m and ne p t u n i u In. Re I at i ve ;I iiiou n t s of these rad io nu c I ides change \vi t ti ti m e  accord i ng 
to their init ial  proportions and their radioactive decay schemes. The dominant signal over most of 
the site is radioactivity from solvents leaked onto the 903 Area from storage barrels in the 1960s 
and dispersed by wind-driven resuspension of soil particles. Thus, ratios of the radionuclide 
activities are predictable and are assumed approximately uniform over the site. 

In the calculations of soil action levels, we considered 23sPu, 239P1~, "'Pu, '"Pu, "'"Pu, '"Am, 
and '"Np. Krey et al. (1976) summarized measurements of mass ratios of the plutoniuni isotopes 
made i n  197 I .  Table 3- I normalizes these ratios to a total of 100 g of plutonium and shows the 
cor-responding specific and absolute activities of the  Isotopes. Table 3- I also shows quantities of 
"'"Am and 237Np calculated froin the "'"Pu -+ "'Ani -+ '"Np decay chain for the year 197 1 .  The 
calculation assumed that a un i t  of ""Pu activity was present i n  1965, with no decay products 
present. We then adjusted the qumtities calculated for 197 I to make r4'Pii agree with the activity 
level shown i n  the table, giving the correct relative proportions of the decay products for that 
vear. 

Tahk 3- 1. Initial (1971) Isotope Ratios lor Pliitoniuni and its Decay Products 

I s 010 pe w c l  s-l pci b "-':I 3 (r TBcl pCi 
PLI-23S 0.34 x IO-' 1.71 x 10" 6.79 x lo--' 4.31 x Io-j 1.16x I O "  
I'll -2 3 9 2.30 x IO'-' 6.22 x 10'' ' 9.49 X I O '  ' 2. I8 x 10-l 5.90 x 10" 
r w 4 o  8.43 x l(l--; 2.28 x 10" 4.84 4.0s x lo-?  I .  IO x IO'"' 

Anl-24 I 1.37 x IO-' 3.43 x IO ' " '  7.26x lo-' 9.32 x lo-' 3.49 x IO" 
Np-237 2.64 x IO-' 7.14 x 10s 3.55 x IO-.' 9.38 x lo-' , 2.54 x IO' 

. .  

PLI-24 1 3.s I 1.03 x 101' - 3.19 x lo- '  8.34 x lo-' 3.26 x I O "  
1'11-243 I .45 x l o r J  3.92 x IO I .36 x lo-? 1.97 x 5.33 x IO' 9 .  

I 
-A un i tLx  - pC - i s: i I rc 11 scd ;I 1 iiios t esc I u s i ve I y througliou t 
ties coinnioiiIy L I S ~  anions cij ierts, they Ui& ttfe Go 

eport. Although these units are not 
dily rzco-nimble 3 to the RSALOP.- -  -= --= - = ~ -  ~ ~ 

-- - ~ - . -~ ~. 
~ ~ 

To convert I'rom pCi g- '  to Hcl kg.'! iiiultiply the pCi 9.' quantity by 37. 

Figure 3- I sho~vs tltc 1xh:rvior of the isotopes in Table 3- I over time. Plutonium-24 I decays 
by  beta to ' - J ' 4 4 ~ , i ,  which we estimate will reach ;I rnaxiniurn in 2033. Americium-241 decays b, 
a l p h  to 'j7Np. Plutoniuiii-?39. ""Pu. and '"Pu have half-lives of thousands of years and iindsrG. ._ 

negligible radioactive clecay cluring the period considered. We included the effect 01' leaching 
with ;I soil-waier partition cneI'l'icicnl k;, = 2 0 0 0  mL g for all plutonium isotopes and K,, = 1000 
nil- g , 101. arnericium. This \vould sitnulatc sonic rcnioval of thcsc radionuclides f rom surlacc 
soil. 

The i n i t i a l  conditions wcrc haseel on the relative activities in 197 I given i n  thc t.ablc. The 
kinetic bt..ha\fior 01' the clccay chain "''"Fu -) "lAin -+ '"Np \viis caIciiI;Lted by standard metliocls. 
Tlic calculatirjii pi.eclictccl ;I in:rxiniuin for Ani i n  the year 2032. Krey ct. a l .  ( I  976) made 3 

-I 

-I 

-4 I 
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similar estimate. The radioactive decay products of other species are not shown, but these 
radionuclides form i n  quantities that are ne$igible for dose. 

In simulations involving KESRAD, we began all calculations i n  the year I97 I to fully 
account for the kinetics of t h e  species. RESKAD makes the decay chain calculations, in addition 
IO simulating removal of radioactivity from surface soil over time. We estimated initial 
concentrations for I97 I by back culculating froin the desired levels of 23')+240Pu in the year 2000 
(or 2 IOU) based on scenario assumptions. Uncertainties enter through the assumed soil level of 

Pu i n  3000 and through other parameters. 139+2.10 

1 

0.1 

0.01 

0.001 

0.0001 

i 0-5 

10-6 

10-7 

10-8 

I 
Am-241 maximum in 2032 

Year 
I?igurc 3- 1. k l a l i w  kinetics of plutoniuni, americium, and neptunium i n  Rocky Flats 
soil lrorri 197 I lo 2050. The actiVity proportions corrcspond to 100 g of plutonium with 
isotope iiiass ratios given by Krey et al. (1976). 



4. RECENT SPATIAL DISTRIBUTIONS OF PLUTONIUM 
IN THE SOIL NEAR THE ROCKY FLATS SITE 

Concentration of radionuclides i n  soil at Rocky Flats is not uniform across the site. Numerous 
historic and recent studies have measured conccntrations and spatial variation of plutonium i n  
soil. We have used these studies to compile a composite database of soil concentrations for 

Pu, indexed by their distance and angle from the 903 pad“, where the highest measured 
levels exist. Section 4. I describes a model that approximates thc spatial distribution of 1J9+2’0P1~ 
011 and near tlie Rocky Flats site. The model is based on the composite database and provides a 
means of taking tlie nonuniformity of the concentration into account in  estimating exposure of 
scenario s i i  bj ec t s to p I ut on i u m . 

Uranium isotopes are a different matter. Soil concentrations of uranium that are above 
natural background are confined to a relatively few small areas on the Rocky Flats site. Analysis 
of these “hot spots” can be accomplished with straightforward applications of RESRAD. Section 
6 of this report discusses the assessment of uranium. 

239+7-40 

4.1 A Spatial Model of the Plutonium-239 Concentration in Soil 

A serious complication in  applying RESRAD to Rocky Flats is the inhomogeneous spatial 
distribution of plutonium i n  the soil. RESRAD works with a specified region within which the 
soil concentratioii i s  niatliematically treated as being uniform, although the developers relax that 
assumption to accept \wintion w i t h i i i  ;I factor of three. H ~ L v c ~ c ~ ,  plutonium concentration in the 
soil increases by ;I factor of‘ iinorc than 100 from Indiana Street westwarcl to the 903 Area’. Thus, i t  
i s  not possible to assign ;I region to ;I scenario t h a t  meets the developers’ guidance. If the assigned 
region is roo small, i t  excliides iiiost o f  the radioactivity. [ I  i t  i s  too large, i t  fails the factor-of- 
rhree test for homogeneity. 

Our approach to estimating soil action levels requires that we rccalculate RESRAD’s ratio of 
air anc l  soil radioactivity concentrations, i n  such ;I way that they ;iccoiint for the  large spatial 
\,uriations i n  soil radioactivity. 111 cfll’cct, it is necessary to estiinatr: realistic air concentrations of 
r;iclioacti\.ity ant1 use them to inodify the parameters i n  RESRAD. Such an approach requires a 
nnoclel 01’ the spatial distribution of 2i”+””Pu radioactivity concentration i n  soil on and near tlie 

location. including locations where no measurements have been macle. Moreover, the derived 
tlistribut ion shoulcl be smoothed somewhat, leveling the considerable scatter in  tlie data. 
Otherwise, attempts at nuinei-ical integration with the model \vould run into difficulty, and 
nuinericnl integration is iiecessai-y to add the contributions to resuspended plutonium from 
cl  i flfere n t locat ions. 

To define s~icli ;I model. we need to begin with ;I suitable database of observations. We 
rcsrrictcd our selection, for the iiiost part, to measurements for which the documentation includcd 
thc sainpling depth and an approsimiite time when the samples were taken (one set of 

--sits. We-use the term model-because we need an estimatc,of the cqncelgratio-n. any ~~ spe_cifiecl.. -- ~. - .. :=.- - .  

i 

._ 

‘‘ ‘1’111: 903 pail is alteriialely reterrcd to ;IS the 903 Area ancl [ l ie 903 p;id tliroughout this docuinent. Thc twd 

plirascs represent the same thing. Wc gcnerally rclcr t o  thc 903 .\rea when we are discussing [he plutonium 
cc)iit;i I I i  i ii;iti on, because I I i i ir   con^ ; i m  i riati on c:me lroi I I the : i w i  orig i na 1 l y k i l o  wn as [he 903 AreLi. The 903 
ixd Ict’ers to the ;ispli:ilt pad placed over tlic ;ire;i during cleanup o f  the disposal site. This i s  tlic plirast: 
c. cenerally tisctl when discussing research h a [  took place after cleanup 01‘ [he :irc;I. 

Risk Assessment Corporation 
“Setting the standard in enwirohnental health” 



4-2. Rad ion uc I ide So i I Action Le ve I I nde pe nde n t Review 
Task 5 :  Independent Calculation 

measurements that did not meet these criteria is discussed below). The sampling depth is of 
particular importance because recent field and theoretical work reported by Webb et al. ( 1997) 
has established a parametric depth profile for 'J9Pu at Rocky Flats that can be applied generically 
to adjust samples taken to various depths to a common basis. 

In general. we follow the example of Webb et ai. (1997) and use the 2 3 9 P ~ ~  concentration in 
the 0-3 cm layer as representative of the concentration of plutonium i n  resuspendable soil. The 
generic profile indicates that essentially all plutonium in the soil at Rocky Flats is currently 
confined to a depth of 20 cm, with concentration that decreases with increasing depth. 
Concentrations based on samples taken to depths less than 20 cm can be adjusted to the 0-3 cm 
depth by hypothesizing a profile for the sample that is proportional to the standard one of Webb 
et ai. ( I997), thus extrapolating to depths greater than 20 cm. 

Evolution of the profile over time is less clear. After its initial wind-borne transport from the 
903 Area; i t  appears that plutonium migrated within a few years into the soil where it was 
deposited and established the 20-cni profile. Krey and Hardy (1970) indicated that plutonium 
measured i n  1969 and 1970 had already migrated beyond the 13-cm depth. Poet and Martell 
(1972) questioned this conclusion, reporting that most of the plutonium at seven sites they had 
sampled \vas confined to the  0-I-cm layer. They asserted that most of the plutonium found at 
greater depths in  the Krey and Hardy (1970) study occurred at sites that were remote from the 
903 pad and i n  locations where soil had been disturbed. However, Krey (1974) subsequently 
defended the conclusion of Krey and Hardy ( I  970). 

The downward migration seems to have been rapid and to have attenuated quickly, and there 
has been no clear indication of migration deeper than 20 cm. This kind of schedule is 
qualitatively supported by estimates of the inventory of soil plutonium summarized by Webb 
( I  996). These esiimates arc: consistent w i t h  a regression curve showing an initial exponential 
removal of 40 I>ercc:nt of the inventory out of the 0-3 cm layer within 10 years (Figure 4-1). The 
curve indicates an asymptotic level of about 50% of the initial deposition remaining i n  the 0-3- 
cm layer. This schedule seems too gradual to be consistent with Krey and Hardy (I 970) and Krey 
(1974) and with some observations of Krey et ai. (1977). Data froin some of the locations 
sampled i n  these studies were omitted from the regression because of the apparently inconsistent 
iiiterpretations. These omitted observations are presented as open circles in Figure 4- I .  Rood and 
Grogan (1999) give a fuller discussion of the questions involved. 

To pro\~ide additional support for our choice of data used in the regression, we have shown 
the number 01' sampling sites that define each point on the graph (Figure 4-1). Note that the 
number of sites samplcd by Webb and Little far exceeds the number of sites represented by Krey 
and others. Had the data from each individual site been readily available, i t  might have been 
worthwhile to plot each entire data set and perform the regression using the aggregated data. But 
we believe \vc \voulc! haw lound a very similar curve had we had done this. 

Results from these studies are perplexing. There appears to be a clear evidence of a decrease 
in the 0-3-cm plutonium inventory between 1972 and 1989 based on the work of Little (1974), 
Webb (1993, and one sampling site i n  Krey et at. (1977). However, two of the other sites 
measured by Krey et ai. (1977) show substantially less plutonium i n  the surface (0-5 cm) than 
wis observed by Webh and Little. Little (1976) measured depth profiles at 10 sites, and Webb 
( 1992) resampled these s;me sites i n  1989, while Krey's later measurements were from only 
three sites. 
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Numerous processes can influence plutonium niigration i n  the subsurface, and these 
processes are both temporally and spatially variable. These processes include soil erosion (Webb 
1993); colloidal moveinent (Bates et 211. 1992); biotic perturbation (Litaor et al. 1994; Winsor and 
Whicker 1982); and soil cracking (Higley 1994). These processes are not well understood and are 
currently an area of research at the RFETS. Recent work by Litaor has suggested that under 
saturated soil conditions, plutonium can migrate very rapidly. This work is currently unpublished; 
however. i t  suggests that certain discrete events (such as heavy rainfall) may have moved 
plutonium into the subsurface i n  a relatively short time. Most of the time, plutonium has migrated 
very little. 

We do not doubt the accuracy of the work Krey and his coworkers performed in the 70s, and 
w e  t h ink  i t  is likely that depth distributions will vary among locations. Krey's data certainly 
suggest large variability both spatially and temporally. The regression equation is simply an 
empirical means to summarize the gross behavior of plutonium i n  the soil as indicated by a 
variety of data sets. 

I t  is likely that natural processes continue to remove plutonium from the surface soil. In 
addition to deriving the regression curve, we performed ;I statistical analysis on 239+240 Pu samples 
from the 0-j-cni depth that were taken as part of the Rocky Flats monitoring program. These 
samples were taken annually from I984 through 1994, a t  40 locations, with distances roughly I 
niile ( I  .6 km) and 2 miles (3.2 kin) from the center of the site and at direction intervals of 18". 
Using the aggregated data, we estimated ;I loss rate of approximately I percent per year during 
tllc I I -year smipling period (,Figure 4- I j .  Despite considerabli: scatter i n  the data, separate 

iniatcs based on thc iriner and outer rings of sample locations were consistent, giving nearly 
iclent ical values of the rate coefficient. An S5% confidence upper bound lor the rate coefficient is 
-3.02 x IO-' per. ycar, excluding zero at this confidence level (,thus wc may conclude that the rate 
coel'ficient is iiegative, corresponding to a plutonium loss that is detectable at the 85% confidence 
level j .  Ninety-lxrcent and higher confidence levels give positive confidence upper bounds and 
thus do not rule o u t  zero. Figure 4- I indicates that the rate estimate gives a good approximation to 
che slope of thi: regression curve during the relevant period (dashed segment). 

~ Risk Assessment Corporation 
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Dashed line indicates an 
estimated exponential 
decrease of Pu in the top 
5 cm at rate -0.0099 year-'. 
Dashed line is aligned with 
regression cuwe in 1984. 

(1 975) 

Krey et al. 1977 
Site 7 (4 cm) 
(1975) 0 

Thc raw data for the plutonium database were obtained from two sources: 

I. A computer archive of 1122 results of soil samples, deposited wi th  the Colorado 
Department 01' Public Health and Environment (CDPHE) by M. lggy Litaor.b 

2. Table 1-2 of Appendix I from Ripple et al. (1994). 

The archive (1) of LitaodCDPHE provided Colorado State Plane (CSP) coordinaizs (ft) and 
activity concentrations (pCi g-I) for observations reported by Illsley and Hume (1979). It also 

previously (rings at approximately I and 2 niiles from the center of the site, at angular intervuls of 
IS"). For each of these 40 locations, we averaged the series "'Pu for 1984-1994 for use i n  our 
modcl; the plutonium results for these locations were taken from the 1994 environmental 
monitoring report (RFETS 1994) rather than from the archive. Many of the data in the 
Litaor/CDPt-IE archive could not be documented and therefore were not used. One series, with 
code numbers PT000-PT 124. however, \\'as considered essential because of the covera_re that it  

provided the CSP coordinates for the 40 locations of the RF monitoring series mentioned - 

b This tluia xchive IS  available &oin the Colorado Departnieni of Public Health and Environment (303-692- 
1000) 
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provided near the 903 pad. The Rocky Flats sampling protocol specified a sampling depth of 0-5 
cm, and we have assumed that all observations in tlie PT series were taken i n  conformity with this 
protocol. but it is possible that the series contains some values that are based on shallower depths. 
No other data from this archive were used. 

Tlie compilation of Ripple et al. (1994) (item 2) provides good documentation and 
discussion of a variety of measurements taken during 1969-197 I. The protocols vary, and 
sampling depths range from 1 cm to 20 cm. The plutonium activity is reported as mCi km-’, 
which we converted to Bq kg-i using an assumed average bulk soil density of 1 g cmW3. We used 
t h e  raw data as presented and not the numbers in the coluinn labeled “corrected.” Coordinates in 
the  appendix of Ripple et al. (1994) were given in the Universal Transverse Mercator (UTM) 
system (m). We note that the Litaor’sKDPHE archive (item 1 listed above) included the data 
from Ripple et al. (1994) and was the basis of what Litaor termed the “historic data set” (Litaor et 
al. 1995), but this component of our database was taken directly from Ripple et al. (1994). The 
assembled database from which our model is derived consists of 588 entries, and some of the  
entries represent averages of multiple samples taken at the same Location at different times. 

We have adjusted the observed plutonium concentrations using a generic profile of Webb et 
31. (1997). This profile (which, for convenience, we refer to as the “Webb profile”) is based on 
plutonium sampling at Kocky Flats during the early 1990s. The purpose of the adjustment is to 
estimate the concentration in  the 0-3-ciii layer that would correspond to a reported concentration 
(.Bq kg-l) i n  a sample taken to an arbitrary depth zd (cm). Tlie underlying assumption is that the 
concentration profile i l l  the soil column would be proportional to tlie Webb profile. 

The Webb profile exprcsses the ratio. of the plutonium concentration at an arbitrary depth z 
(cni) to the concentration averaged over tlie 0-3-cm layer as an empirical function of 2 :  

CPU I:, = II’u 10-2c,n x[ l  -(I -1.41e-”.7‘~ -0.16e-”.’” 1 1 = IPU 10-Bc,“ ‘ .f(d (4-1) 
Pu .(Bq kg-I). If we are given ;I 

. T0.+3.10 \vliere’the brackcted qnantities represent coiiceiltrations ol -- 

plutonium activity /\(:7J (Bq) that was sampled from the O-z,l-cm layer, we may express it  as 

(4-2) 

wlicre / I ( ? )  (kg cin-’) is Ihe bulk density of the soil a( deph t. We may solve Equation (4-2) for 
the desired conceiiti-ation i n  the 0-3-cni layer: 

Webb et al. (1997) provided ;I profile of the Rocky Flats soil bulk density, excluding rocks of 
cliaineter greatcr than 2 i i i i i i :  

(4-4) i 0.24 
/ I ( : )  = 0.79 x io-- 2 kg c111-3. 

The exclusion 01’ larger particles corresponds to sieving of the sample soil, which is part of the 
con(empomry sampling protocol. Thus tlie density profile is not represenbtive of the true bulk 
density of tlic soil, hiit on the i1ssLiiiiption that little plutonium would be associated with rocks, it 
places tlic samples on a common basis (Webh et al. 1997). When Equation (4-4) is substituted 
into Equation (4-3j, tlit: integral is com~iuted by ;I numerical method. 

Thc Iwxctliire siimni;irized hy f?lu;itions (4- 1 ) through (4-4) is directly applicable to recent 
smnplcs. A strict interpret;ition wo~iltl question its application to data taken around 1970, such as 
the historic suhsct of our database. given the temporal migration of plutonium indicated by Figure 
4-1. The figure suggests that during the years 1969-1971. SO% or more of the observed 

‘Setting the standard in environmental health” 
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~~~ ~ 

plutonium i n  the historic database (item 2 listed above) would have been in t he  0-3-cm surface 
soil layer. Thus, given the evolution indicated by the figure, it  is reasonable to assume that 
samples to a depth of 5 cm or more would ordinarily have accounted for essentially all of the 903- 
Area plutonium i n  the soil column. 

We initially adjusted all concentrations in the database by the scheme given by Equations (4- 
1) through (4-4), irrespective of the age of the samples. We have considered readjusting the 
values for saniple age on t h e  basis of considerations outlined in  the preceding paragraph. The 
result would be to decrease some of the estimated levels in the 0-3-cm layer for the 1990s. The 
magnitude of the change would be p a t e s t  for the shallowest sampling depths (a factor of at most 
2.6 for I cm depths sampled in  1969) and there would be no change for 20-cin sampling depths. 
In view of this relatively sinall discrepancy and the good agreement between trends indicated by 
the database and by the data of Webb et al. (1997), we have not attempted an adjustment for the 
age of the sample. The evidence for the initial rate of decrease indicated in  Figure 4- I is tenuous, 
and the decline could well have been more rapid, indicating adjustments of lesser magnitude. 
Other considerations argued against mahng such an adjustment. A proper analysis of this 
question would require a model that would account for the evolution of the profile from the  1960s 
to the  early 1990s when the sampling reported by Webb et al. (1997) was carried out. But it is not 
clear that sufficient profile data exist to support firm conclusions based on such a model. 

Figure 4-2 shows the locations of all samples in the database. Location symbols are 
differentiated to indicate concentrations <2. 2-10, 10-100, and >IO0 Bq kg-I. Even this crude 
breakdown gives a fair sense of the spatial distribution of the soil concentrations of 239Pu. 
Coveragc within the  plant area and west of the site is relatively th in ,  and it is unlikely that these 
;ireas can be substantialiy supplemented from other sampling records. Prevailing westerly winds 
dirccted most of the attention of investigators to areas east of the 903 pad. 
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Figure 4-2. Locations of more than j S 8  soil samples of 'j9Pu at Rocky Flats used as a 
bnsis for ;I spatial model. The plotted synibols Sive a rough indication of the large-scale 
variation 01' the plutonium concentration. Sources of the data were Illsley and Hurne 
(, l979), Ripple e t  al. ( I  994), and one series from an archive of M. Iggy Litaor provided by 
the Colorado Department of Public I-lcalth m d  Enviroiment (CDPHE). 
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To be useful, a spatial model of the plutonium concentration i n  soil must provide estiniatcs 
for locations not included i n  the database (interpolation). Also, given the considerable random 
scatter in  the data, i t  must provide smoothing. Some efforts have based estimation of contours on 
kriging methods (Litaor et al. 1995). We have based our approach o n  the more direct assumption 
that most of the spatial signal is the result of wind transport of contaminated soil particles from 
the 903 Area, and thus a polar representation from this center is reasonable. Webb et al. (1997) 
point out that power functionsc have given satisfactory fits to data along transects from the 903 
pad. Figure 4-3 shows power functions fitted to subsets of our data base that lie near the 60°, 90", 
and 120" transects; the black squares represent the data of Webb et al. (1997) (which we include 
in our model's data base). The data of Webb et al. (1997) are extensively documented. They 
provide a check on the transformation of the remaining data from heterogeneous sampling efforts 
to the  common basis represented by the profile of Equation (4-1) and by the adjusted bulk density 
profile for soil particles of diameter less than 2 mm [Equation (4-4)j. The 2 - m i  cutoff 
corresponds to the sieving separation of rocks from soil used in most of the sample preparations. 
In some of the older samples, however, the rocks were pulverized and re-mixed with the soil 
(Krey et ai. 1976). 

The model is defined by power functions fitted to the data within each sector of 22.5", with 
centerlines at O", 22.5", 45", etc. For points on a sector centerline, the  model uses the value of the 
power function from near the 903 pad to the distance at which the power function has the value 
2.1 Bcl kg-I, which is the estimate of background given by Webb et al. (1997). Beyond this 
distance, all values are assumed to be background for purposes of the model. Between centerlines 
of sectors, linear interpolation based on the angle is Lised to estimate t h e  concentration. For two 
sectors northwest of the 903 pad (292.5" and 315"), the coverage is inadequate to establish 
credible power function fits, and the power function for 270" was extrapolated to thcse two 
sectors. Figure 4-3 shows the data and the power function fits for the 60": 90"; and 120" transects 
and indicates good consistency of the larger database with the data of Webb et al. (I 997). Bu t  
Figure 4-3 also emphasizes the scatter of the data, generally to a factor of about IO. 

. 

' Power functions ~iavc t~ie formula j = JS, A?. wliere A and h are constants tlerermineti from t l ic curve- 
fitting procedure. Ln this case. J is the concentration of -- Pu i n  the soil and s is the tlistnncc from ttic 903 
p:id. Ths. graph of a power function plotted on logarithmic axes is a straight linz. Therefore. when data 
plotted relative to logarithinic axes indicate n straight-line trend, one assumes [li:i[ they arc l ikely to bc 

satisfactorily rspresentecl by a power function. 

'39 
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Flats) provide e x a c ~  partitions according to magnitude. The smoothing and interpolation provided 
by the model must be kept in mind. Also, the historical dose reconstruction (Rood and Grogan, 
1999) predicted that releases from the 1957 fire would have progressed in a southerly direction 

60' transect 90' tiansect 120' transect 
105 

b, 104 
- 
Y 

103 

0 1  
0.1 1 10 100 0.1 1 10 100 0.1 1 10 100 

Distance from 903 pad (km) 

LEGEND 
0 Composite data base m Webb et al. (1997) - - - - Background (2.1 Bq kg-') 

Figure 4-3. Power function representation of 239Pu concentrations in soil along three transects 
from the 903 pad. The power functions are straight lines on logarithnuc plots. The data of Webb 
et al. (1997) (black squares) provide a check on the heterogeneous data representing different 
times and protocols. Data from all sampling depths have been transformed by the profile of Webb 
et al. (1997) to represent thc 0-3 cm layer. 

Contours based on the model are shown in Figure 4-4. Dashed lines indicate extrapolation of 
the two northwest sectors. Sample locations ;ire. shown outside the 2 Bq kg-l contour 
(approximately background) and within the northwest sectors (where they tend to confirm the 
adequacy of the extrapolations). For purposes of legibility, sample points have been deleted from 
other regions within the contours. The contours may be considered crude, with an angular 
resolution no better than the linear interpolation between sectors. But they amply illustrate the 
consiclerable variation of the concentrations and the particularly rapid increase as the 903 pad is 

, 

approached along eastward transects. 
The model estimates are constrained not LO exceed the maximum adjusted sample value 

(567,000 Hq kg-I), which occurs i n  the immediate vicinity of the 903 pad. The points shown 
outside the-2- Bq k xceed background in the 2-10 and 
I O - I O 0  Bq kg-I ges. Incidents such e could 3ccourit- for -coinponents=-of--~. ~. - .  

plutonium concentration that do not conform to the radial model. In any case, one catinot assume 

~- = ~ con t oil rei ndicat e- Konie 
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Figure 4-1. Contours of approximate I3'Pu concentration i n  soil (Bq kg-l) based on the 
spatial distribution model described in the text. Dashed parts of the contours indicate 
extrapolation where coverage was insufficient for fitting power functions. I n  thcse 
regions :unci outside the 2 By kg-' contour, sample locations were plotted to show that 
there are some above-background observations where the model woilld indicate 
background (2.1 By kg-l). The model provides interpolation and smoothing for the many 
measurements i n  the data base. It does not accurately predict concentrations at individual 
locations or show finc detail but is used for integration of resuspension fliises over iargc 
areas. 



5. ESTIMATING CONCENTRATIONS OF PLUTONIUM IN AIR 

The potential for resuspension of radiologically contaminated soil must be given serious 
consideration i n  assessments of the Rocky Flats site. Inhalation of airborne soil particles 
contaminated with plutonium and americium isotopes has been considered a possibly important 
exposure pathway, and its importance could be increased by a random event, such as a fire that 
destroyed vegetation on the site. 

For the existing ground cover on most of the site (uncut grass), our simulations suggest that 
exposure by inhalation of resuspended soil is of less importance than the aggregate of ingestion 
pathways. We have replaced the internal dose coefficients in the RESRAD database, which were 
taken from ICRP Publication 30 (ICW 1979), with dose coefficients currently recommended by 
the ICRP for members of the public (ICRP 1996). For the radionuclides of concern in the soil at 
Rocky Flats, the newer dose coefficients reduce the dose by inhalation and increase the dose by 
ingestion, and the resultant changes are substantial. 

Departure from the methodology of RESRAD version 5.6 I also contributes to a diminution 
of the inhalation pathway. The RESRAD resuspension model in  version 5.61 combined a soil 
mass loading parameter (essentially a mass concentration of soil particles i n  air, g m-3) with an 
area Factor that represented the proportion of the airborne soil particles that were resuspended 
wi th in  the contaminated area ofthe soil. If the contaminated airborne particles are assumed to be 
representative of nearby contaminated soil, then the airborne radioactivity (Bq n1-3) can be 
calculaced as the  product of the soil concentration (Bq g-I) and the mass loading factor (2 n ~ - ~ ) .  
The RESRAD ;trc;i factor corrects for the uncontaminated proportion of the airborne particles. 
'The area factor i n  RESRAD version 5.61 was a relatively crude foimulation based on ;i simple 
box model with first-order transfers of soil particles. The effect was likely to be an overestiinate 
of the airborne rndioactivity that could be as high as an order of magnitude for the  uniformly 
contaminaied sources that t h e  model's design envisioned. 

The developers of Version 5.82 of RESRAD have refined the estimate of the area factor 
with more realistic but somewhat more cornplicatcd assumptions (Chang et al. 1998). I n  our 
calculiitions. we avoided the KESRAD resuspension model altogether, replacing i t  by a model 
that takes into account the spatial variation in the soil concentration of radioactivity. The model 

- - ~ - ~ also c-onsidei:s clata,frpni= air nitoring - -  in the . . early 1990s. This approach has the advantage of 
cnl i b rai i ng the pred ic t i on s to 
well as possible (in ;t least-squares sense) with a set of observations that are belicved to be 
representative o f  coiltemporary conditions. And it  provides some quantification of uncertaint)r in 
the predictions, given the assumptions about ground cover, meteorology, and spatial distribution 
of plutonium i n  the soil. To analyze resuspension after a fire, however, the approach has to be 

data are influencccl by the existing grass cover. 
The following subsections give an overview of the models that support the inhalation 

pathway. Table 5-  I provides a summary of the parameters and results of resuspension fluxes that 
are estimaied. I t  contains quantities that have not yet been introduced, but the reader may find i t  
usel'ul lor hxkwird r-efcrence durinp the readinr of Sections 5.1-5.3. 

. 

~~ ~ - _  - -.. = ~ - . - ~. ~ - 

.- ~. .- . ~. 
nt site-specific data. It-requires the-modelipredictions to-agree as. _. ~ = __i . = ~ 

modified, because the resuspension fluxes that are estimated from contemporary air nlonitorii'ii __ 
. .  
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Table 5-1. Suniniary of Paranieters and Numeric Results for Resuspension Fluxes 
Quanti t y Estiniale Reference 
Friction velocity I [ * ,  Rocky Flats annual average (m s-I) 

Uncut grass (zo = 0.05 m) 
Unvegetated soil (20 = 0.01 m) 

Resuspension flux parameters 
Nevada Test site 

F~ (Itlg m-I s-')  
y (dimensionless) 
F I ~ X  F = ~ ~ u l + Y  at 1 m (mg m-? s-l> 

0.23 1 Coniputed 
0.21 I Computed 

0.732 Anspaugh et ai. 1975 
2.09 Anspaugh et al. 1975 
6.0 x IO" Computed 

Rocky Flats - uncut grass 
Bootstrap-estimated flux 

Geometric mean: F (mg m-* s-l) 
Ground-level, raw unadjusted for sampler efficiency 5.38 x I 0-5 
I -in height, adjusted for sampler efficiency 2.76 x 

Geometric standard deviations 
Long-term trend 1.16 

Total (effective) 3.06 
Short-term variability 3.03 

Adjusted total for conservatism 4 
Rocky Flats - fire scenario 

Range of resuspension factors (in-') I - Io-j 
Conversion parameters 

Thickness of soil layer available for resuspension (in) 0.00 I 
I .3 

0.33 

Soil bulk density (g CIII-~) 

Corresponding resuspension flux range (nig ni-' s-') 

Logarithmic midpoint of flux range (mg ni-? s-I) 

3.3 x Io-j  - 

3.3 x 1 0 - 3  

Geometric standard deviation I6 

Co mpu ted 
Coin pu tecl 

Co nipu tecl 
CompLltcd 
c o  mpu t ccl 
Ass u nice1 

Sehincl 1984 

AssLlmed 
NCKP 1999 
Coin p LI t eel 

Computed 
Con1Duli.d 

5.1 Model of Resuspension and Atmospheric Trarisport 

We assume that resuspension from the Rocky Flats site is predominantly wid-driven mid 
passively rnoderated by the soil, topography, and ground cover. The view takcn is of ;I ste;iG;,t- 
state condition of the ground and source and the effect of annually averaged winds. This 
assumption does not deny the existence of frequent transient contributions from vcliicular traffic 
and human or wildlife. activities that disturb the soil. hdeed, ;in impartai;t contributor to the 
spatial distribution of plutonium was the grading of the 903 pad in preparation for the paving 
surface that was laid down in 1969. But the effect of wind seems likely to be dominant for the site 
21s a whole and for the present and future times envisioned by the scenarios. The resolution of this 
assessment is insufficient to consider other more localized a, uents. 

Ai1 empirical power function model of wind-driven niaterial flus i i i  ;I column of air. 
attributed to D.A. Gillette and J.H. Shinn? is 

F = F , ) ( I / ~  / ~ q ) ) " ~  (5-1) 
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(Anspaugh et al. 1975) where F is the predicted material flux (mg m-? s-’) at a reference 
height (say I m), Fo (mg m-? s-I) is a flux coefficient, LL* (in s-I) is the friction velocity, and u0 
is the un i t  friction velocity I ni s-I (so that the parenthesized ratio is dimensionless). The 
exponent term y and the coefficient F, are usually determined from joint observations of F and 
L I + .  The friction velocity L I *  depends on the roughness of the surface, the wind speed, and the 
atmospheric stability. The friction velocity varies little with the height at which the wind speed is 
measured. Note that i n  this interpretation, the model predicts the vertical flux of soil mass, which 
would not be affected by spatial or temporal variations of radioactivity concentration in the 
surface soil. The mass flux would naturally be expected to vary from one site location to another, 
but we consider the estimate an average over the site and (as we discuss in Section 5.2) over time. 

For site conditions that have existed in the 1990s, we estimate the parameters F, and y by 

a regression procedure that depends on the spatial distribution of plutonium in the soil on and 
near the site (Section 5 )  and on air monitoring data for plutonium, measured at on-site and 
peripheral1 y-located samplers during the years 1992 through 1994. The regression requires the 
plutonium air concentrations predicted by the resuspension flux F , used with an atmospheric 
transport model, to agree as well as possible (in a least-squares sense) with the observations. The 
regression results may thus be viewed as a calibration of the model to site-specific data. The 
distribution of residuals (differences of predictions and observations) estimated by the regression 
provides a component of uncertainty for the predictions. We discuss these matters furlher i n  
Section 5.2. 

The role of the ground cover at the site is not explicit i n  the model. In field studies that refer 
to the moclel gF Equation (5-l), the soil is usually bare or sparsely vegetated (Anspaugh et al. 
1975). Langer ( 199 I )  makes a case.for research that would support explicit representation OF the  
grass i n  modeling deposition and resuspension. Such modeling might account for transfer of 
radioactivity from soil to grass leaves by rain splash and the role of leaf motion in the wind i n  
reentraining the radioactivity into the air stream. Our interpretation, however, considers the 
aggregate effect of such mechanisms to be i n  steady state at the scale of one year, and this 
aggregate effect is assumed implicit in the parameters of Equation (5-1). With this understanding, 
we apply the model to the Rocky Flats site with its contemporary grass cover. 

= zThe.predictions_of‘ the model of Equation (5-1) with the data from two locations cited by . 

Anspaugh et al. ( 1975) exceed those of the same model;chlibrated-to= the Rocky-Flats-site under.. 
contemporary conditions with the existing ground cover. In one case, based on data from the 
Nevada Test Site, the estimated resuspension f lux  (6.0 x mg m-’s-’) exceeds our estimate 
for Rocky Flats (2.76 x IO-’ mg s-I) by a factor of more than 200 (an annual average of the 
friction velocity ui based on Rocky Flats meteorological data was used for the comparison). But 
a range of other observations reviewed by Sehrnel (1984) suggests that e w i  higher mate;?!- 
fliixes might prudently be included in uncertainty estimates for Rocky Flats for the case of a fire. 
Section 5.3 gi& details of such a fire scenario. 

.~ . .  - 
~ A- -- ~ . - ~:. ~- - . . ~. ~. ~~ 

5.2 Nonlinear Regression Based on Air-Monitoring Data to Estimate 
Resuspension Parameters 

Plutonium from the 903 pad has been unevenly dispersed over the site, and the soil p~irticles 
to which it. is attached continue to be resuspended, making the plutonium available for inhalation. 

Risk Assessment Corporation 
“Settino the standard in environmental health’ 
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Using the interpolation model of soil contamination described i n  Section 5 wi th  the soil flux 
model of Equation (5-1) and 'an atmospheric transport model, we are able to estimate tlie 

,concentration of the resuspended plutonium in the air at any specified location, given the valucs 
of F, and y . This approach was contemplated by Anspaugh et at. (197S), who suggested that 

"the vertical t lux of contaniinant may be predicted by the dust flux calculated using Equation 
(5-1) multiplied by the  amount of contaminant per uni t  mass of soil surface material. This 
information may then be combined with a suitable model of atmosphcric transport and diff'usion 
which also considers the  areal distribution of the contaminant to calculate airborne concentrations 
of resuspended contaminant both within and outside the contaminated area." We now summarize 
th is  model. 

5.2.1 The atmospheric transport and diffusion model 

The model of transport and diffusion used for our calculations is the Gaussian plume for a 
point source (Barr and Clenients 1984). The Gaussian plunie prediction for cach combination of 
source and receptor points is multiplied by the source strength (i.e., the resuspension f lus  at 
ground level in Bq m-? s-I) and by the differential area (in') and integrated ovcr the contaminated 
region. The process is repeated for each of 16 wind directions, 6 wind specds, ant1 6 atmospheric 
stability categories, and the  results are averaged with wzishts from tlie meteorological data for tlic 
site. The weighted average is an estimate of the - I 11 concentration i i i  tho air at tlic specified 
location. The procedure is summarized by the equatioii 

"39+ZJO 3 

e where zijk (s, J, z) is the predicted annual average air concentratioii ;it easting arid northing 

coordinates (s, > I )  and height z above t h e  ground. The subscripts i k  correspond, rcspectively. 
to wind speed (6 discrete categories), wind direction ( I 6  sectors), and atinosplicric stability (6 
categories A-F). The subscripts ik on tlic resuspension [ l u x  F reflect the clepciidence o f  tlic IILIS 

I'll on the friction velocity iir , which depends on wind speed and atinospheric stability. The 
concentration i n  soil at the source point with easting and northing coordinates C.<. 1 1 )  is C', ( < , r ] j  

(BY d )  at (s, J ,  z )  corresponding to a uni t  f lux ( I  BCI s-'j at SOU IT^ location (,;. rl) and 
height z o .  (The parameter z o  is the i.oirg/iriess /iei,q/if for the terrain and correspoiicls to the 
height above ground where the horizontal wind speed becomes zero. \Vc iisc this ticislit for ;I 

The double integral ( I j )  in  the formula of Equation (5-21 represents ;in acldition of all 
differential point-source contributions throughout the coiita[1ii11:1ted regioii A'. tnkiiig iritr) iiccount 
the varying level of concentration in tlie soil and the location of the source reiativc to the receptor. 
Contamination at background level from a wider area is also includcd. \\.Iieii i t  is :ippropriate t o  
do so (for example, in  the  regression procedure described i n  Section 5.2.2) .  [ I '  the n.intl direction 
is from the receptor toward the source point. the result is zero. It '  tlic w . i i i d  is blowing l'roin the 
source directly toward the receptor point, the receptor concentratioii will vary with thc sourcc 
concentr;itioii and the distance downwind. 

IJ'l+I.III 

(Bq kg-I). The symbol Gijk (s, y ,  :;t,?], z 0 )  denotes the Gaussian plunir: prediction of ""c"o I' L1 

ground-level release, i.e., resuspension.) i 

__ 
. 

= 
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Equation (5-2) represents the concentration at receptor location (x, y) and height z for a 
single wind speed, wind direction, and atmospheric stability category, specified by the subscripts 
ijx-. A meteorological joint frequency table (JFT) for the Rocky Flats site, based on annual 
averages of observations, provides a relative frequency for each combination of thesc threc 
factors, denoted by IV,,~. The annual average concentration of Pu in air at the receptor 739~2-10 

-location is given by 
j?(s, y, z )  = c It’$&jk (x, y ,  e )  

i. j . k  

(5-3) 

where we are assuming that the weights are normalized so that the sum of wijk over all i , j ,  and 

k is 1. 
The transport and diffusion model includes provision for modifying the soil concentration 

levels of plutonium so that for any specified value C,, the all points interior to the contour line 
C = C, have concentration C, rather than the concentrations indicated by Figure 4-4. This 
truncation arrangement facilitates calculations that simulate different levels of remediation, 
whereas the model without this feature represents the site without remediation (other than earlier 
cleanup work that might be reflected in the database). The feature is useful for explicit 
calculations to compare with RSALs computed by methods that do not simulate remediation. We 
describe such calculations in Section 7. 

The point-source Gaussian plume model Gijk used i n  our calculations was adapted primarily 

from the formulation used for the Environinental Protection Agency’s ISC3 (ISC = liidustrial 
Source Complex) model for atmospheric advection and difl’usion (EPA 1995). However, LO 
account for material loss from the plume due to deposition, we used ;I source-depletion model 
similar to the scheme of Van der Hoven (1968) rather than the  somewhat more complicatccl 
surface-depletion representation used in ISC3 (short-term). The latter method is considered more 
realistic, but the extra effort needed to implement i t  and the possible increase i n  computer runnin_r 
time argued against it for this application. 

Note that the flux F in Equation (5-2) depends on the parameters F, and y .  The 
regression procedure for determining these parameters is discussed in  Section 5.2.2. 

5.2.2 Nonlinear regression for F, and 7 using on-sitet’and-peripheral air-monitoring . ~~~ ~ 

data 

, 

r= ~ =-. 
.~ ~ . ~ .  - -  = . . _ .  ~ 

.~ .~ . ~- ~ - _  _ 
. ~ - .  

~~ --i=--_- . _ ~  
- _ _  ~. - . -  ~ . ? _ ~ . _  ~ . ~ 

= -- T ~ ~.. . 

We have chosen to base the regression on the annual data from 34 samplers of the S-series 
for the years 1992, 1993, and 1994. These data provide spatial and soine tcmporal informatiop 
about variation of the air concentrations of -- 

site. We restricted attention to these samplers because of a coininon‘ protocol and their exteiisive 
(although not comprehensive) coverage of the contaminated area. Beginning with the year 1992. 
the annual monitoring reports tabulated sufficient precision lor thc sarnplcr data to permit LIS to 
distinguish among concentrations of similar magnitude. Previously, for example. 0.0001 might 
have bccn recorded for any value greater than or eqii;il to 0.00005 and less thhn  0.000 I5 (a fncror 
of three). Obtaining original data sheets might have pcrniitted LIS to exLent1 the record to take i n  
additional years and samplers, but considerable data analysis would have been rscliiired for the 
numcrous adjustments necessary to pu t  all of the data on ;I credibly common basis. Morzowr, 

- 739+2-10 Pu resuspended from the soil on and near the..- 

~ 
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there is no assurance that a coherent picture would have emerged. Corrections would have to 
account for different sampler characteristics and the longer-term temporal trend i n  the soil 
concentrations of 

We use an index in to identify the sampler location, and we write 2(1nI 1;b.y) for the 
predicted annual concentration at sampler nz , given the values of the parameters Fo and y . This 
predicted value includes the estimated contribution from background-level plutonium (fallout) 
contamination carried by soil within and beyond the region contaminated by Rocky Flats 
operations. For the observed annual average value at sampler tiz for year t (= 1992, 1993, or 
1994), we write z,,,, . (The predictive model is not a function of the year f .) The least-squares 
problem associated with the regression is to find F, and y such that 

~=Crlnz,,,~ -1nz(i1z1 ~ , , y ) l '  =minimum, (5-4) 

where the summation is taken over in = 1,.  . . ,18 samplers and f = 1992,. . . ,1994. This problem is 
nonlinear in y and linear in  I:, . 

Pu. 239+240 

1n.r 

The logarithmic residuals r,,,, = In F,,,, - z(tiz I F,, 3) corresponding to the solutioii = I.; 
and y = p of Equation (5-4) are used to estimate a geometric standard deviation for the predicted 
air concentration: 

( '5-3)  

where M = 34 x 3 = 102 observations (two degrees of freedom are subtrxted for tile estiiiiatioii 
of the two parameters F, and y ). This geometric standard deviation represents c0ini)oiiciits of 
uncertainty associated with spatial variability (samplers i n  different locations) and teinporal 
variability (annual averages for different years). The nssumprions underlying the regrrssioii trciil 
the observations as i f  they include error distributions that are icleiitical and independeiit from 
location to location and froin year to year. Table 5-3 shows t h e  sampler locations. the o h s e n ~ ~ l  
annual average air concentrations of - Pu for I c)OZ-L9c)?, and the 1>rzdictions hiiszcl oil thc 
fitted model. Table 5-3 gives parameter estimates from the regessioii. 

The regression estimates the exponent of' thc flus model i n  t7_clu;itiou (3- 1 )  a s  I +- 7 = I .44 

and the reference f lux as Po = 3 . 6 2 ~ 1 0 ~  mg m-' s-'. The residual Seoiiietric standard deviation 
estimated by the regression (Equation 5-5 )  is GSDrCsi,, = 3.03, which, Cor ;I logiurnial clistrihution. 
corresponds to a 95th to 50th percentile ratio of 3.03'.6j =: 6.2. Figure 5-1 slionrs the. predicted 

Pu air concentrations plotted against the observations for [lit: S-series smiplers at Is\ocky 
Flats. __ 

'3')+340 

239+240 
i 
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Table 5-2. Sampling Locations with Predicted and Observed Plutonium 
Air Concentrations 

Plutonium-239+240 in air (By "I-~) 
Distance Angle Observed 

Station (kni) ("1 Predicted I992 I993 I994 
S-03 0.996 
s-04 
s-05 
S-06 
s-07 
s-08 
S-09 
s- 10 
s-l I 
S-13 
s- 14 
S-16 
S-17 
s-18 
S- I9  
s-20 
s-2 I 
S-22 
S-23 
S-3-4 
S-25 
s-3 I 

- s-32 
s-33 
s-34 
S-35 
S-36 
s-37 

0.760 
0.575 
0.356 
0.164 
0.159 
0.163 
0.340 
0.713 
1.140 
1.566 
1.265 
0.594 
0. I54 
0.084 
0.392 
0.864 
1.167 
0.660 
1.636 
0.592 
3.816 
4.069 
4.749 
2.679 
3.171 
2.697 
2.361 
2.496 

s-39 - - 3T672 
- - _  S-38 

32 1 .O 
348.9 
357.2 

30.6 
77.7 

105.3 
140.2 
222.5 
243.9 
258.0 
265.4 
297.6 
274.7 
264.8 
31 1.6 
347.7 
20.8 
34.5 

225.0 
46.7 

331.9 
264.2 
29 1.6 
3 14.3 

15.8 
47.8 
61.4 
85.8 

108.4 
- 139.5- 

149. I 
189.3 
230.6 

1.764 x 
2.971 x 
3.418 x 
1.470 x 
2.144 x IO-' 
3.968 x IO" 
1.106 x 
4.243 x 1 0 ' ~  
1.837 x 
6.195 x IO-' 
7.598 x 10.' 
8.752 x 10.' 

1.184 x 
I .97 1 x 

2.225 x 

8.824 x 
2.377 x 
2.242 x 

2.949 x t o 7  
1.587 x 

2.563 x 
1.869 x 
2.736 x 10.' 
2.766 x IO-' 
3.757 x 10.' 

8.688 x 10'' 
I ,405 x 

3.409 x 1 0 . ~  
4.262 x 

=4:439 x - I  0-8 
2.756 x 
2.467 x 
1.220 x 

1.590 x 
2.340 x 
9.930 x 
9.230 x 
7.170 x IO-' 
1.850 x IO" 
2.040 x 
2.690 x 
2.430 x 
9.880 x 10.' 
3.070 x IO-' 
6.480 x 10.' 
3.150 x  IO-^ 
6.570 x 1 0 ' ~  

6.360 x 
2.340 :< 1 0 ' ~  
2.380 x 
i . 3 i o  x m7 
1.340 x I o.i 
2.775 x IO.'' 
2.700 x 
1.670 x 1 O's 
2.590 x 10.' 
2.700 x 
3.700 x I 0.' 
4.030 :< 
8.730 x 10.' 
6.070 x IUS 

1.220 x 

1 . 2 3 0 ~  
4.740 x 
1.320 x 
2.890 x 
6.020 x 
I .3 I O  x 
6.340 x 
1.820 x lo-i 
4.710 x 10 '~  
I . s o  x 
9.770 x 10.' 
1.650 x 
4.550 x 10.' 
5 . 3 0 0 ~  1 0 ' ~  
8.880 x 1 0 ' ~  

2.930 x 
7.770 x 

3.080 x IO" 
1.39Ox 
1.080 x I 
7.950 x I 

2.480 x 
3.700 x IO-' 
5.550 x 1 0 . ~  
2.700 x 10.' 
4.700 x IUS 
7.400 x 10.' 

2.520 x I W 7  

s.100x lo-? 

3.400 x 10" 4.630 x 
6 . 1 8 0 ~  1 . 3 9 0 ~  

7.030 x 
6.070 x 
2.500 x 
1.970 x IO-' 
7.252 x IO" 
1.490 x IO" 
1.13ox IO" 
1.720 x 
2.810 x 
1.350 x 
4.920 x Io's 
6 . 1 8 0 ~  
I ,390 x 10.' 
5 . 9 1 0 ~  10" 

2.890 x 10.; 
5.070 x I 0-7 

2.960 x 
2.780 x I 
6.3-90 >: 10.' 
5.250 x I o - s  
I .2 IO >: I (Y' 

3.700 x 10P 

I.Y50 x Io.s 
2.330 x Io-s 
2.s90 x I o - s  

I .630 x INs 

3.330 x 

8.330 x 
7.400 x I 
3.700 x I 
7:7()c) 2 10-Y ~~ - = .- = =.= ~. ~ - = i .  

3.290 x lo.s 
1.370 ?: Io's 

s-40 1.5 15 
s-4 I 2.874 
S-42 4.0 I 9  
s-43 4.839 237.5 I.IOOX IO-' 3 . 5 9 0 ~  IO" 3 . 7 0 0 ~  10.' 4 .51Ox IC)" 
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Figure 5-1. Model-predicted plutoniuiii conceiitmtioiis (Bq ni-') plotted against olxrvations of 
Pu at the Rocky Flats S-series samplers. Tlic units lor- holli axes are Bcl iii-'. Tlic line is the 

locus of points for which the  prediction equals the oh.scrvec1 value. 

139+240 

Table 5-3. Regression Parameter Estiniatcs lor Resuspension Flus 
Para mete r kleall S tanda I-cl dc \.i  ii t ion 

Exponent ( y + I . dimensionless) I .44 0 .5SS 

Reference flux ( F,, , mg m-' s-') 3.62 x io-' 7.92 x lo--' 

Standard deviation of logarithmic residuals: I .  I I 
Geometric standard deviation: 3.03 
Degrees of freedom: IO0 - 
Correlation coefficient for y + I and Fo : 0.992 - 
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Figure 5-2. Cumulative probability plot of Predicted-to-obser~~ed ratios from the rcgressiori on 
the sampler data. The points represent the empirical distribution Function of the P/O ratios bascil 
on the logarithmic residuals. The dashed curve is the lognormal distribution with Seoinetric tiicaii 
L .OO and geometric standard deviation 3.02 (the parameters were estimated from the smpiricul 
distribution). This lognormal distribution was used as the major component of ;iti uncertaitity 
factor for airborne 239+LJ0 Pu resuspended from the Rocky Flats sitc. 

~. :- -= .~ 
=- The=regression-siitiimarize_?=i~i -Table 5-3 does not provide detailed informatiori on the joint I 

uncertainty distribution of Fo and y, o;-moreto the point,"itie'-~istributioti of- the-estimated f lus_ ~-~ ~ . .~.  ~ ~- ~ ~ 

F = Fou::fy, from which air concentrations of resuspended dust and attached particles of -- 1-'it 

can be estimated for locations other than those of the air samplers. tf the regression weri: litiear in  
both parameters, standard assumptions and theory would indicate a bivariate norninl distribution 
for the pair, but the  marginal (individual) distriburions are likely skewed. An iipproach tll;tl 

provides a quantitative estimate of the joint distribution is the bootstrap (Efron 19S2; Efroti at id - -  

Tibshirani 1998). A bootstrap procedure treats the residuals of the standard regrcssion a s  ;t11 

empirical prototype of the distribution of erro'rs, and one calculates distributions of the piiratnetcrs 
by repeated Monte Carlo sampling of this distribution, with replacement. 

Figure 5-3 is based on such a bootstrap estimation procedure, i n  which thc residuals wcrc 
resampled with replacetiient I000 times. The rssult of ;I resampling is ;I rantfonily IxrtLirbc(1 
version of the prototype distribution of residuals. At cacti Montc Carlo rcalization, I tic: perturhzil 
residual distribution was used to calculate ;I corresponding set of "observations," and ;I IICW p a i r  
of parameters ( Fo , y j WIS determined from the least-sqtt;ires method of Ecluatiori ('5-4). This 

- - . -  

. ' 'Wt?40 I 

~ 
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figure - which plots Fo against the exponent I + y - indicates that the two parameter estimates 
are highly correlated. Their relationship is represented by a cubic polynomial that was fitted to the 
data, although the fitted curve plays no role in  our subsequent calculations. 

The empirical distribution of the resuspension flux F (Equation 5-  I ) ,  which is calculated 
from the bootstrap data using the annual average valtie of the friction velocity is shown in 
Figure 5-4. For a n y  location (x ,  y ). the annual average air coiicentr;ition of 23y+2'oPu is 
approximately proportional to this flux distribution: 

(5-6) 
The function G, which is based on the spatially integrated Gaussian plume, is  ;I function of 
position and height and the  spatial distribution Csoil of - 

The distribution of x in Equation (5-6) corresponds to what might be interpreted as a 
theoretical long-term mean flux under steady-state conditions. R u t  i f  we think of the location and 
year as being chosen at random, such a distribution does not account for all components of 
uncertainty in the estimate of plutonium concentration at that location during that year. The 
missing component is supplied by thc distribution of the residuals t-,,L, (:Equation 5-5 ) ,  which 
represent the spatial and temporal variability of the air concentration. 

X(X, J, Z) F .  G(s, !*. Z ;  C,,,, 1 . 

139+240 Pu i n  t h e  soil. 

I I I I 

Figure 5-3. Distribution of points (Expoilent = I + y ~ F,, > from the hootstrap rcgression of 
predicted air concentr;xioii on the sampler data. TIW units of ttic: rcfcrence IILIS / . i ,  :ire mg ni - S-I, 

arid the esponcnt I + y is dimensioiiless. Tlic fitted C L I I ' V ~  is tl i i:  cubic polynomial 

- >  
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J ’ (B)=c ,  +cIB+c2B’  + c 3 0 3 ,  with 6 , = l + y  and cocfficients c, =5.68SxIO-’, 

C, =.-6.749~10-’, c2 =l.795x104, c3 = 6 . 0 3 2 ~ 1 0 - ~ .  

It will be useful to express the total uncertainty as-a normalized factor that will be multiplied 
Pu on or near the site. We will by any deterministically calculated ,air concentration of 

assume that this uncertainty factor is independent of position and time, and that it expresses the 
two components of uncertainty described above (uncertainty in the estimate of a long-term and 
spatially averaged theoretical mean, and short-term local variability about that mean). Finally, we 
will increase the variance of this factor somewhat to compensate for a sample of convenience that 
may be inadequately representative of the longer term and unnionitored parts of the  site. The 
product of two independently distributed random variables having the lognormal distribution 
pictured in Figure 5-2 and the one shown in Figure 5-4, respectively, is lognormally distributed 
with geometric mean GM = 1 x 5.3 1 x 10-’ and geometric standard deviation 

GSD=expJ(ln3.03)’ +(In 1.16)’ =3.06 (5-7j 

Thus, the estimated uncertainty of the long-term mean accounts for little of the variance of the 
composite uncertainty. This GSD corresponds to a 95th/SOth-percenrile ratio of about 5.3. 
Increasing the GSD to 4.0 gives a distribution with 95th/jOlh-percentile rar-io of approximately 
LO. We make this precautionary adjustment as a measure of conservatism i n  the calculations. 

239+240 
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Figure 5-4. Empirical cumulative clistributioii fiinctioii o f  estimated soil flus (solid C L I I - ~ ~ )  w i ih  
fitted lognormal distribution (,dashed cir . :~) .  Tlic p\r+iiictcrs of thc lognori-nal distribulion are 
geometric mean: 5.3 I x IO-> mg l i t - -  s ., and geometric standard deviation: I .  16. Tlic bootstrap. 
median (5.35 x IO-' 111s 1x1 - s-I) hiis been cisecl as tlic rcltrence value. This paraiiieter is 
interpreted ;IS the ground-level Ilus anti must hc ird.iiistccl lor the I-ni heishi. 

1 _I  

.. 7 

' 

We i i ow rewrite Equation (5-6)  as 

xis. x 1  :;) = rlF . G(I. y. t; C:..c,i, 1 (5-8) 
where F = 5.3Sx IO-' iiig til-' s-' is the Iiieciixi rcsuspensioii flus and 11 is the lognormal 
uncertainty factor just derived (CM = I ,  CSU = 4). 

In statistics testbooks, t l x  kind of prediction that we have outlined is discussed i n  the 
context of prediction 01' a value for ;I new inember o f  the population represented by the rcgression 
data. For siiuple linear regression. the exact forlnula for the standard er ror  a s  ;I I'unction of the 
independent variable c;iii be worked out explicitly (Snedecor and Cochraii 1067, Section 5.12). 
For inultiple linear rzgessioii. Kendall m c l  Stuart ( I  967) discuss confIdeiice intervals for the 
expected value of the depencleiit vririable and for ;I iicw ohservntion, given a specit'izd value of the 
rezressor \.ector (in this C;ISC. ;I p;irticular saiii1,liiig statioii and yearj. 

. 

5.2.3 Ad.j 11s tin g t t 1 e est i niii ted 1'1 u s  for ii c t i vi t y tl is t r i b u t i0  n a 11 d sa 111 p le r efficiency 
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particles and the sampler efficiency were IOO%. Bul  it is physically plausible that the 
radioactivity would be more nearly distributed according to particle surface area. Also, the 
monitoring samplers would account for the plutonium with decreasing efficiency as aerodynamic 
diameter of the carrier particles increases. On the basis of assumptions given below, we estimate 

Pu attached to resuspended s o i l  particles that the overall monitoring sampler efficiency for 
at Rocky Flats, is about 80%. If we restrict consideration to particles of aerodynamic dianieter 
less than 15 prn, the efficiency is 93%. 

To arrive at such a conclusion, one must make some assumption about the distribution of 
aerodynamic diameters of the particle population. Following guidance summarized in NCRP 
Report No. 129 (NCRP 1999) from primary sources, we assume that the distribution of particle 
aerodynamic diameters is lognormal with geometric mean between 2 pm and 6 pin and geometric 
standard deviation 5 (distribution with respect lo  mass is assumed for this specification; we use 4 
pm for these calculations). Larger components are sometimes seen, but these components are 
considered transitory and are usually associated with sandy soils. Accordingly, we neglect them 
for this site. We assume further that the plutonium radioactivity is distributed according to the 
surface areas of the particles. 

We have fitted an efficiency curve to data for high-volume samplers of the type used for 
monitoring at Rocky Flats (Figure 5-5). These data are discussed by Rope et al. (1907). Using this 
efficiency curve and the foregoing assumptions, we may espress the sampler cfficicncj 

?39+?40 

(5-9) 

where the physical particle diameter D (pni) is tlie variable of integrai4on. The furicrinn F gives 
the sampler efficiency as a function of aerodynaniic dianietcr f i U  : the vilue p = 2.6 s cni-" is 

a reasonable generic (physical) density for soil particles. The lognormal pvohability density 
function f, has physical geometric mean GM, that corresponds to tlie particle count. The 

conversion is GM, = GM,,, exp(-2 In'GSD) (Seinfeltl 1986). wliere CM,,, is ttie ptiysical 
geometric mean corresponding to distribution with respect to inass (or more accurately, volume). 
The geometric standard deviation (GSD) is the same lor both distributions. For piirticlcs in  LI 

the integrals 01' Iqwtioii (5-9) are repl;iccd b y  the 
maximum physical diameter for t irip le: ' f c i r p i r l  ic les-i n =t he- xrod y nu ni c_ rangq=Gi 
0-15 pni, we would use the value I 5  / J26 = 9.3 pili ;IS thc physical upper l i m i t .  r 2 s noted i n  the 

introductory paragraph, the efficiency when the total distribution is considcrecl (iiil'iiiitc upper 
limits), the efficiency is E = 0.80. When attention is restricted to the aerodynaniic r;iiise 0-1 5 p i 3  
the efficiency is E = 0.93. 

The adjustment of our median flus estimate I'or sampler eff'icieiicy is 5 .3s  x IOT5 / 0.80 = 
6.72 x IO-' ing m-: s-I. Because of the role this quantity plays i n  the Gaussian motlel. Iiowcver, i t  

should be interpreted as a f lux  at ground level, rather t l i a r i  it Irlus ;it I i n .  tt4iicli is ;I l'vec~iierit 
reference height for ex per i me n ta I meas 11 remc n 1s. 

- .  

- - =  restticted range,: the;-infinite- uppe . .~~ ~. _ _  ~ 

- .  

~ _ -  - -.- 
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I 
I I I I 

IO 2 0 5 0 

Aerocl p a l  nic d i;ii iw tc: r (I iiicroi ili: ter j 

Figure 5-5. Sampler-efficiency curve fitted to tlat;i tlisciissecl by Itope et al. (1999). Some 0 1  the 
scatter i n  the plotted points is accounted for I,: tlif‘terent orientarions 01‘ the devicc to tlic airflow. 
The function has thc form F (  D) = exp(-b( D - 5 ) )  ( , [ I  = o . O S G i  uni-I) for aerodynamic diameter D 

2 5 pii and E ( D ~  = I nthcrwise. 

Wc represent ground le\.eI w i t h  (lie roughness hciglii. ;(, = 0.05 m, die value corresponding 
to uncut grass. This p;ir;Liiietcr is interpreted ;IS lhc: liei$tt at which the horizontal wind spcecl 
profile cffectively reachcs zero. given the surface texture that  impedes the wind flow. We make 
use of the Fact that the iii;iss concentration o f  siispcndecl particles ;is ;I function of the height z 
tends to follow a power fuuction: 

x(;)=x(ij.:” ( 5 -  IO) 
Also, the f lux F at any  height is proportional LC) the inass concentration at that height: 

F ( Z )  = -0.1p .:x(;) (5-1 I )  
(Anspaugh et al. I975 j ;  the number 0.4 i >  the w i i  K i r i i i i n  constant. and I I  (i is the I’riction 
velocity, which may be coiisiclcrecl essenti:illy iiiclc:pentlznt of Iiright. Eqiratioiis (‘3- IO) and ( 5 -  I I ) 
cmi be conibincel t o  derive ;in cciii;ition for ihc: I lux ; i t  I-111 hzight i n  tcriiis of  the grouncl-levcl 
value at ;(): 

F(1) = F(,(,  );(y . (.5- 12) 
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To use these equations to calculate the adjusted flux, i t  i s  first necessary to estimate the 
exponent p. Anspaugh et ai. (1975) report estimates i n  the raiige 1.’ = -0.35 to -0.25. Using the 
average p = -0.3 and Equation (5-12), we estimate 

F ( 1 ) = 6 . 7 2 ~ 1 0 - ~  X O . O ~ ~ . ~  =2.76xIO-’ ingm-’s-’ (5- I?) 

We adopt the estimate of Equation (5-13), F(1) = 2.76 x LO-’ mg ni-’s-I, as generic for the site 
average flux with contemporary grass cover. For plutonium predictions with the Gaussian 
transport model, however, we must return to the original ground-level f lux of 5.3s  x LO-’ mg ni-’ 

s . We must also multiply the predicted airborne radioactivity by the sampler efficiency factor 
1/0.93 for particles of aerodynamic diameter less than I5 pni, because the data were not adjusted 
for sampler efficiency. Using this procedure for the location of the RAC Resident Rancher 
scenario (located 300 in E of the center of the 903 pad), we obtain 2.80 x IO-’ Bq For 
comparison, the 1992-1994 data for the samplers S-07, S-OS, and S-09 have sample mean 1.25 x 
lo-’ Bq m-3 and sample standard deviation 5.S3 x Bq ni-’ (both statistics were corrected for 
sampler efficiency). Each of these samplers is about 160 m from the center of the 903 pad, with 
directions ranging from E to SE (Table 5-2). This comparison is consistent with the regression’s 
overprediction of most of the data for these three samplers (factors of 1.7 to 3.6 for 7 of the 9 
observations). However, overprediction at three samplers does not indicate a bias; i n  general, the 
regression overpredicts and underpredicts equitably (Figure 5- I 1. 

- I  

5.3 Resuspension from Unvegetatecl Soil after ;I Fire 

If a fire should remove vegetation froin large areas 01’ the site, the bare s o i l  ~ ~ o i i l c l  likely be 
sub-ject to higher resuspension fluxes than those w e  h a \ t  estiriiiiteil for the uncut grass cc)vcr tha t  
grows on rnost of the site. Howevel:, existing data for resiispciision I‘iictors span several orders ot‘ 
magnitude, and we have seen no information that credibly n;ii-ro\vs this large uncertaiiity. 

As we noted i n  Section 5 .  I .  one of the data sets discussed b y  Anspiiugh et :i l .  ( 1975) preclicts 
a resuspension flus (6.0 x IO-’ nig m-- s- ) for sparsely vegetated soil that escccds o u r  estimate 
for Rocky Flats wi th  its uncut grass (2.76 x IO-’ nig iii-’s-’) by  ;I I’actor of more than 200. Otlicr 
1 i t  era t lire i nd i c ;t tes both comparable and su hsta n t i a I 1 y I ;I rge r 1‘1 LI xe s . 

Sehmel ( I  954) reviewed resuspension fuctors ancl tabulated the results of iiiiincroiis stiidics. 
A report of Sehniel ind-Org (1’973) -presented=a mnge O L I  O-L)_to; 101’- ili:’ ~ lo: - -  re-slispcnsion ~ ~ - i ~ ;  

factors based on measurements at Rocky Flats i n  1970 and ear-ly 197 I .  This was ;I time wlizii 

much of the soil around the recently pllved 903 piid may have been in  a disturbed conclitioii. 
although possibly not the best surrogate for a burned ;irc;i. However. this range incluclcs nearly all 
resuspension factors and ranges i n  Table 12-7 of Schmel (1984). Ii i  particulx, i t  includes ii range 
labeled “Sandy soil w i t h  charred debris” for ;I 1300-111’ source for wind speed less t h a n  5 ni s % ~  
Provisionally, we use this range of IO-’ to IO-’ ni-’ for resuspension .factors tor cstinialing ;I flus 
distribution. For total soil Iluxes (assuniing an iiil‘initc-extent iiniform source 0 1  avai’t:iblz soil 
particles I niin thick), this range translates into a riinic o f  3.3 x IO-’ n i ~  ni-? s-l to 0.33 mg n i  

’ I  

- ~- ~ - - . . -- ~ 

:; - -- - - _ =  - .~. ~ 

== = .~ ~. _ -  

~-~ ~ . .  ~. ~ 

- 

2 

- I  s .  
The logarithmic midpoint of this range (3.3 x IO-.’ in2 m-’ s - ’ j 7  wliicli we. associate with bare 

soil, is about I 2 0  times the median regression-based flus (,2.76 x IO-’ nig 111-’’ s - ’ )  corresponding 
to the existing ground cover and wi th in  ;I factor ot‘ t w c )  of the estimate tor thi: Ncvatla Test Site 
(6.0 x IO-’ mg m-’ s-”) hnsed oii paramelers from Anspxigh et at. ( I  975j. 

The foregoing conversion of resuspensioii factc)rs to total fluxes made LISC of the equation 
Risk Assessment Corporation 

“Settins the standard in environmental health’: 
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R = -0.41."1+sj (5 -  14) 

(Anspaugh et al. 1975), where R is tlie resuspension rate (s-I), 1.' = -0.3 (Section 5.1.3); and = 

0.21 I in s-', an annual average value for Rocky Flats assuming barc soil. Substituting these 
values i n  Equation (5-14) gives the value R = 2.53 x IO-'' s-I. The volume \I containing the 
particles (which we assiimcd to be a layer I mm thick) is IO-' 111' in-'. and the  soil bulk density is 
assumed to be p,, = 1.3 x IO9 mg ~ n - ~  (1.3 g s-' x IO-' i n 3  

in-? x 1.3 x IO' mg mg in-' s . This quantity is obviously sensitive to the 
assumed thickness of the layer of soil available for resuspension. 

Using the logarithmic flux midpoint 3.3 x IO-' ins m-'s-' derived above and the Gaussian 
atmospheric transport model, we estimated a total -- Pi1 concentration in air of 5.44 x IO-' Bq 
m-' at the primary location of the Resident Rancher scenario (300 ni east of the 903 pad). This 
estimate exceeds tlie median value for grass cover (2.S0 x IO-' Bq ni-') by a factor of about 200. 
In the calculation, we increased the geoinetric mean of the aerodynamic diameter distribution 
with respect to mass to 6 pili (NCRP 1999), rctaining the geometric standard deviation 5 .  For this 
particle size distribution, we estimate that 98% to 99% of the - Pu radioactivity is associated 
with particles of aerodynamic diameter less than 15 pin, and accordingly we make no adjustment 
for respirable particles. 

We have used the concentration 5.44 x IO-' Bq iii-'.us the geometric mean of ;I lo,onornial 
distribution with geometric standard deviation I6 (two orclers of inugnitude be[ween the 50th and 
95th percentiles). Tliis is consistt'n~ wi th  the range of iiiost 01' the tabulation given i n  Tablc i2-7 
of Sehmel (i9S4). The I'iI'tIi percentilc. is about twicc the iiircliaii value for grass cover, wliicli w e  
have taken as the inetli;iri 01' ;I logiioriiial tlistributioii with geoiiielric standard deviatioii 4. cleri\red 
previously. Thus. there is soiiie o\:crl:ip of the nvo 9(J% I m ~ L x i b i l i ~ ~ :  intervals (Figure 5-6). 

Thus F =  K\/pb = 2.53 x 
-I = 3.3 x 

719 t240 
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Figure 5-6. Pretlict<cl concentr;ition of 'w7"" Pu iii  air iit Rocky Fhts for uncut grass and 
unvegetated soil iii [lie wake oi' ;I hypothetical fire. The location is 300 m east of thi: center of the 

903 pad. The pcrcentilcs of tlic iiiicsrtainty clistributioils are indicated i n  shaclcd typc. The 
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distributions are lognornial, with geometric means (50th percentiles) as shown arid geometric 
standard deviations 4 and 16 for grass cover and unvegetatcd ground, respectively. 

5.4 Resuspension Parameters for the Scenarios 

Pu at the principal scenario locations. These air 
concentrations correspond to the flux estimates derived i n  Sections 5.2 and 5.3, together with the 
distribution of - Pu in  soil that is based on interpolation i n  site data (Section 4. I ) .  Tablc 5-4 
shows the soil concentration at the principal location of each scenario, but we remind the reader 
that the estimate of air concentration due to resuspension depends on a wide spatial distribution in 
the soil, and not only on the point value given i n  the table. Receptor points are iiioved to place 
them where air concentrations or air-to-soil concentration ratios are maximum (e.g., Section 7). 

?J9+?40 Table 5-4 gives air concentrations for 

739+140 

Table 5-4. Plutonium-239+240 Air and Soil Concentrations for Rocky Flats Scenarios 
Air  (Bcl 

Distance Angle Soil 
Scenario ( h i )  ( o )  Uncut grass Unvegetated soil (BCI k g - ' ~  

Rancher, DOE resident, 0.30 9( 1 2.s x lo-> 5.4 x  IO-^ s.9 x IC)-< 

Site workers 0.59 ->A) 5.6 x IO-' 9.9 x lo-' 17 .?- 

DOE recreational user 

I 

5.5 Probabilistic Incorporation ot' Future Fires into the Scenarios 

A wildfire on the Rocky Flats site is not ne .sarily ;I riarural occurrence (fires niay he 
unintentionally or deliberately set liy pcopl~::). but i t  is ;iii C V C I I I  t h a t  -is beyond ordinary control. 
We do not consider wildfire occurring on the site ;IS p r t  o f  ;I scenario definition. Rather, i t  is pa!-t 
of the exogenous environnient that should be treated pic)b;ibilistically, .iust ;IS \vi: treat processes 
such as resuspension and radionuclide concciitriiticms i r i  Liir. W i t h  tlw 10OO-ye~ temporal scope 
0 f tlie-~as se-ss me lit; the probab i 1 i t  y- o C-occ u r rej1c-c. -9 !> ilclfires that would call lor thc 
f lux parameters derived i n  Sections 5.3 and 5.4 is i . Ln this ssctiori.  ti^ Gutline-a =-- 

mcthob of estimating RSALs for a scenario. w i t h  probabilistic consideration of future wildlire at 
the site. 

~ - -  ~ ~ .~ ~- -. ~ ~ - ~~ ~ . ~ 

. - - . .~ 

~- ?&---: - 

5.5.1 Fundamental forniulas 
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We choose a discrete probabilistic model of fire occurrence, with each of the 1000 years 
eligible for either the occurrence or non-occurrencc o f  ;I fire (afire eveti/). Fire events i n  different 
years are assumed stochastically independent. Multiple t'ires i n  the same year are not considered. 
We assign a parameter 11 as tlie probability that oiic firc will occur i n  any  specified year, and we 
assuiiie t h a t  the value of p is the same for al l  years. (The latter assumption, of course, does not 
take into account long-tcrni fluctuations of precipitatirxi and drought that might be expected i n  a 
millennium, nor changes i n  human incursion that ivould affect rates of accidental or deliberate 
fire setting.) 

Using the data i n  Table 5-5, we can estimate a value for p. Application of this value to the  
1000-year period is obviously an extrapolation, since t h e  data are confined to the Twentieth 
Century. 

The area of the ranch assumed for the RAC Rancher scenario is 1 x IO' m2, and we take this 
rectangular region 21s the domain of the fire. Its extent includes the contours of highest plutonium 
concentration i n  thc soil, and i t  is the location of primary concern for such a fire. The ranch is 
bounded on the east by Indiana Street, on the north partly by an inner security fence just south of  
Highway 128, OH the south by the site boundary, and on the west by a north-south line just west 
of the 903 p d .  The. soutliwcst and northeast corner coordinates that  define the fire domain ;ire 
taken as (483.20. 44 13.12) and (485.96, 44 17.23) kni UTM, respectively. 

Table 5-5 indicates that from I900 through 1998. there were 54 large fires i n  the Arapaho 
and Roosevelt Natioiial Forests a i d  the Pawnee National Grasslands (total area 6. I x IO" in ') .  

H o w e \ ~ r ,  thc large gap l'roiii 1900 to 1924. i n  coiitr;ist to shorter $;ips after 1932. suggests that 
the cxlier rccoi-d iuay be lacking unreportecl tires. It is also possible that the frequency of I'ires 
t ias increased ;IS iiiorc' lieople lia\.e gained ;iccess to tlicse parklands. A large fraction of the fires 
;ire attributed to Iiuinm c;iuses, and we consider- the Ixi-iocl from 1924 through I999 inore. 
aplirc)priate as ;I reiiipor;iI scc)l.x for coiiiputations wi th  the I'ire statistics. Takin2 the Arapaho x i d  
I<onseveIt Natioiial Forests ai ic l  the Pawnee Natioii;rl GixsIaiids iiS our calibration domain. we 
estimate the iiniiual firc I'recluciicy ;IS 

54 I 7 j  = 0.72 , ( 5 -  15) 
wliich caii be iiiterpreted ;IS ; in cstiiiiate of the Ixd~ability t h a t  ;I large f ire will occur somewhere 
i n  these p;irklands i n  any specified year. assuming that these statistics would be representative of 
conditions aFlccting fires during the year i n  question. 

Given thz occurrence of ;I large f i re i n  the parklancl. doniain. the probability that i t  will bc 
locatccl i i i  a sptxifiecl subrcgion R i s  the ;ireii of /< divided by the total area of the clomaiii (6 .  I x 
10" nil) .  The ~~roduc t  01' this probability and the frecluency 0.72 (Equation 5-15) is the probability 
of tlit: occurrence of ;I fire i n  R i n  any specified gear. I f  we assuiiic t h a t  the same areal rare can be 
applied to the land 01' tlie /&\C Riiiicher. theii we iiiay f.stim:ite the probability p as 

, ~ 0 . 7 2 = I . ~ > : l O - ~  
I XIO' n i2  

6 . 1 ~ 1 0 ~  in- 
[I = ( 5 -  16) 

This is ;I little iiiore thitn o w  Fire per thousand years on the rancher's land. We note that  there 
wcrc 7 large fires i i i  the t'iiwiice katioiial Grussl;iiids. aiid all were recorded after 1960. I f  that 
park's areii and Iarpc.-i'iri: I'reclucncy arc: substituted i n  Equation ( 5 -  I6), the probability estimate is 
2.3 x IO-', ahnut twice the value i n  Equatioii ( 5 -  16.1. The Pawnee National Grasslands might be 
coilsidered ;I hetter surroptc: I'or thi: Rocky Fl;its site than would the Arapaho and RoosevClt 
Nxtioiul Forests, but the sr i ia l l  n u i i i l x r  of obscr\wions gives a poorer representation of the 
probability distribution 01' burn :ire;is th:rn tlie coinbind p s s l a n d s  and forests. We adopted the 



Task 5: Independent Calculation 5-19 

Arapaho and Roosevelt National Forests 
1900- 
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and Pawnee National Grasslands 
08" 

value 1.2 x 
lo-'. Sampling was froin a log-uniform distribution, with median I .7 x IO-'. 

(Equation 5-16) as a minimum value of the pariimetcr 11, with maximum 2.3 x 

Year Area (km2) Causc 

1924 
1932 
I932 
1934 
1938 
1939 
1943 
1944 
1944 
1952 
I952 
I953 
1954 
I956 
I955 

4.65 
1.82 
2.02 
1.58 
2.02 
4.08 
0.93 
4.82 
0.69 
0.72 
4.9 I 
1.15 
I .04 
2.89 
0.68 

I960 2.45 
I960 2.67 
1960 0.6 I 
I962 4.0s 
I962 3.03 
1962 0.57 
I963 0.71 

Unknown 
H uinan 

Railroad 
Railroad 
Railroad 
Human 
Human 

L i g ti t n i ng 
L ish t n i n g 

Human 
Lightning 

Human 
H L I  Inan 

Lightning 

Flu I11;lIl 

, i stit n i n g 
.IS h til i n g 
H Lll11;lll 

I-Iuln~un 
1-1 11 ln;ll1 
1-1 Ulnall 

Llglltnlng 

- 
~ L I g h 111 I I1 g - _  

- - _  - - _  ~ - - -  - - -1963 - -_ --OSS,_ _ _ _  - 
- _  

I966 I 90 H u nian 
I968 2 99 L igh t n  I ng 
I97 I 10.66 H L I  man 
1971 0 5 0  1,l gh tn I ng 

97 I 0.85 
976 I .04 
976 I .01 
978 I .62 
978 4.86 
979 I .26 
980 I .93 
980 1.06 
980 0.73 
980 4.05 
9S5 0.95 
985 1.21 
9% I I 
9ss  3 .Oh 
988 I O . 0 0  
95s 0,s I 
959 7.30 
989 I .47 
989 7.96 
989 0.40 
990 0.57 
993 1 . 1  1 
994 4.94 

996 1.50 
99s 0.53 

71 

HLI mLin 
Hii man 
Human 
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Human 
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Hu m,in 
H ci m i  11 

H LI m,in 
I- I gh tn  I ng 

L lgh 111 I ng 
Llgll tlll ng 

H 11 I l l ' l n  

Li gli L n  I ng 
L I g lit I1 I ng 
L I g I1 t I1 I ng 

L I ght I1 I ng 
- -  - =-Ll,ohtIlllig - - - - -  

I-Iu!nLln 
998 I .93 Nu man 

Source: Fort Collins Interugcncy WiIdI'ire Ilispatch Ccntcr. 
h t t p://www. fs , fed .us/ou tcrnc t/arii f /  f i  re/t'i re. ti t in I 

I n  any of the RAC Ranchcr sceiiai-ios, the probability that no Fire will occur on the lianclicr's 
land during the 1000-year temporal scope is ( I  - 1 1 )  = 0. I S ,  ancl the probability tha t  at least 

one fire will occur there in that period is I - 0 .  IY = 0.SZ.  A probability of this niagiiitudi: is 1101 

negligible, but even it'  ;I I'ire occurs, it is not nccess;iriI!r true t l i a~  the fire would produce thi: 
iiiaxiinuni annual dose to the contemporary scenario sut?ject who returns to the I:und immediately 
afterward, or that thc dose From exposure to the burncd ; i rw \ v o ~ i l d  esceed tlii: I5 inreni annual 
limit. It is possible that ;I subject esposcd to the u n b u r n d  site i n  the year 2000 woulcl receive ;I 
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larger annual dose. Which of the exposed subjects would receive the maximum annual dose 
depends on the date, nature. and location of thc fire. In the next subsection, we formulate a 
simulation method that considers the probability of fire and its effect on the subject's exposure to 
radionuclides i n  the  soil. 

5.5.2 Simulation of plutoniuni exposure that includes the possibility of fire 

The worst-case conditions for a wildfire affecting the RAC Rancher sccnarios (assuming that 
the sub-ject escapes from the site at the time of the fire and does not breathe contaminated smoke) 
would include the following: (I) The fire would occur i n  the earliest year considered (nominally 
2000). (2) The fire would devegetate the entire ranch land of the RAC Rancher scenarios. (3) 
Regrowth of the vegetntive cover would require a year or more. If the  scenario subject is assumed 
to return to the ranch immediately after the Fire, these conditions would give the maximum 
exposure, which would occur during the year of the sub.ject's tenancy on the bare soil. But the 
probability that all three conditions will coexist is small: and a more realistic treatment requires 
explicit consideration of their possible mitigation. 

The smallest fire considered (burn area of 4.05 x 10' m3 or 100 acres) would devegetate only 
about 4% of the rancher's land. Such a bare subplot could be located 1-2 k m  from the parts of the 
ranch where the residents spend most of their time, possibly i n  a direction that is not often upwind 
from the residents. and  possibly where plutonium concentrations in soil are relatively low. In 
addition, the fire co~ild occur several centuries into the future, leaving time for weathering 
processcs 10 Ii;t\~c removd a significant fraction o f  the plutoniuni from the surface layer 01' the 
ranch soi I .  thus tiiaki tig lcss plutoniuiii a\,ai lab le for resuspension. Such nii t i  gat ing Eac tors need to 
be corisiclerecl. at Ieiist ~ipprosimately. i n  simulations that consider the possible role of a f ire i n  
exlmsiiig the subjects to plutonium frotii the soil. Evcii i f  ;I fire is assumecl to occur sometime i n  
the I'uture (or eve11 i l l  the I'irst year consiclci-cd). if tnitigiition is taken into account, the fire may 
not procluce ;it1 atinual close exceeding the annual dosc tha t  a subject exposed to the unburned site 
during 2000 \\:o~tlcl receive. 

The purpos~: 01' the simul;ition schemc outlinccl bclow is to cstend tlie existing scenarios to 
include ;I probabilistic consideration o f  ;I fire 011 the lancl ociated wi th  the RAC Rancher 
scenario, where mosl 0 1  thc plutonium i n  soil is locatcd. First, we describe the parameters and 
ra riclom variablcs i n  t t ic si nict lotio t i .  

The fundatncntal paramcter is tlie probability p that ;i fire will occur i n  any specified year. I n  
Section 5.5.  I .  \ve adopted LI distribution with median value 11 = I .7 x 

The objective 01' the siniulation is the ratio CP of the resuspension f lux  rF of soil from a 
burned regioii and the resuspension tlus rG with the contemporary (year-2000) grass cover: 

(5 -  17) 

The Iwxline \.aliic: of (1) is Oi,. thc approximate worst-cas2 ratio given i n  Sections 5.3 and 5.4. 
Thc f i rst modifying factor is tlie reduction of the fire resuspension f lux  to account for 

\ve:itliering o f  the soil. This factor is esp( -u ( , r i  - I ) ) .  where a (year-') is the weathering rate 
arid 1 ) )  is tlic yc;iI i i i  which the fire occurs (m = 1 corresponds to 7000). We describe the Monte c. I .: 

The secoticl iiioclifying factor, f;, , is related to the randomly determined size and location of 
the fire. II is proportiniial to the a i r  concentration of plutonium at the scenario subject's principal 
location resulting t'rotn resusperisiori of soil within the burn region. The proportionality constant 

cD = rl: / IC; . 

&ir o e5tiiti;icioii 0 1  111 beloy. 



Task 5:  Independent Calculation 
Final ReDort 

5-2 I 

is chosen so that the highest concentration (i.e., the worst case) corresponds to j ; ,  = I. For ;I 
simulated fire, the burn region is assumed circular, with area determined by sampling of burn 
areas from Table 5-5 (al l  areas have equal probability of being chosen) and dividing that  area by 
the area of the fire domain (equal to the area of the ranch). The center of the circular region is 
constrained to lie inside the fire domain. but part of t h e  burn region may lie outside. The 
resuspension f lux is proportional to the average plutonium concentration i n  the soil within the 
burn region. The concentration of airborne plutonium at the receptor location is estimated with a 
Gaussian plume model for ;I circular area source. considering average wind speeds for stability 
class D and I6 wind-directional frequencies. 

The final modifying factor g represents mitigation due to the recovery time of the vegetation. 
We assume that this recovery time is between 6 months and one year and represent it as ;I 

uniformly distributed random variable dctermined by the extreme values 0.5 and I. In periods of 
extreme drought, longer recovery periods might be possible, but for the maximum annual dose 
criterion prescribed for this prqject, they would not be relevant. 

Here is how the simulation proceeds: 

(])Set flux ratio 0 t 1 and the fire year 111 t t I ( ~ 7 : ~ :  will  keep track of the year in 

(2)Saniple ;I numbci- I /  frorn the uniform distribution on 10, I ] .  If I I  5 11, we have a fire i i i  

(3)Generate,/;, and g inclependently iis dzscribzcl. above. Set y t 0,. f l3s exp(--u(/1i - I ) )  . I f  

(4)If IU  < t c)c)o. / I /  t- 111 + I i n c l  returii to step (2 ) .  
(,)Otherwise. iiiake the adjustmcnt (I, t (1) esp(a(,ri ::: - I  j )  a n c l  exit. [This adjustment is 

carried out hecause CESRAD will calculate the weathering loss of plutonium from the 
surface suil. I I '  we k f t  the exi?onentiul f x t o r  ir i  place, the effect of \r,eatheririg would bc 
counted twice i l l  thz R S A L s . ]  

which the i n a x i n i i i m  f lux  ratio O C C L I ~ S ) .  

year 171. so go 011 to step ( 3 ) .  Otherwise. go to step (4). 

y > (1) , set (I) t c" anti / t / : ; :  t /ti. 

The effect ol'this scqiiencr is 10 f ind  the ni;ixinicini value 0 1  cD over all fires that occ~ir wi t t i i i i  

tli-eeLO_OO-year period. If at thc el id the flus ratio (1, = I. we conclude thar either no I'ire occiirs or 
else the fires that do occur h a C  nsion flcixes that do not--.exceed h e  .yei!r-z(,C)C, [ I ~ i ~ ~ > y - ! t ~  
normal vegetat i oi 1. 

The above seyuznce is einhcddecl i i i  ;I larger Monte Carlo process that invokes RESKAD 
with different sets 01' piiraiiirtcrs and collccts thi: results ;IS empirical distributions. When 4) is 
generated ( , I  I (1) 2 0,)). we use it t o  multiply the geoiiietric mean of the plu~oniuin air 
concentration correspoiitling t o  tlic yea1--3C)OO grass ci)\'el- 011 tlie site. If 0 = I (no "significmt" 
fire), there is no charigz i n  the seoinetric iiie;iii, and the uncertainty factor (geometric stmdard 
deviation) for ordinary g a s s  cover is used (Sections 5 .  I thl-ough 5.2). If > I (a "significant" 
fire), niultiplication hy <I) increases the geoiiiztric incan of tlie air concentration to correspond to 
resuspension froin 1inveget;itd soil. and the geometric standard deviation for the fire 
resuspension f lux is iiszcl (Secrioiis 5.3 and 5.4'). 

Application of  tlii: fire IO scenarios othcr tliaii the RAG' I2anchci- is straightfoi-w~ircl. escept 
that the siiiiie Ijre ciomain is used, zvcii tliouzh the scenario s u l ~ ~ j c c t ' s  primary location may be 
outside of i t i t  firc tloiiiaiii. 

.~ - . __i= - ~ 
~~ 

~ . ~~ . ... =. ~ 
; = =  . ~ ~. .~ 

- ~ --_ .~ . . - . -- - . 
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6. URANIUM METHODOLOGY 

RSALs were calculated differently for uranium and plutonium because the nature and extent 
of contamination differed between the nuclides. Our treatment of plutonium considered a 10-kni' 
contaminated area. Using spatiall y-variable soil concentrations and measured air concentrations 
of plutonium around the site, we calibrated a suspension model so that the suspension rates of 
plutonium-contaminated soil would yield concentrations currently measured at the air samplers. 

This procedure was not cxtended to uranium because (a) uranium-specific measurements 
were not available at the samplers, and (b) uranium contamination is not as widespread as 
plutonium and, therefore, would not be expected to respond in the same manner. Our 
investigation indicated that uranium contamination was mainly limited to past disposal areas and 
burn pits. Furthermore, Litaor ( 1995) noted fundamental differences in  solubility characteristics 
of plutonium and uranium that, in turn, affected their inode of dispersion in the environment. 
Litaol: (1995) reported uranium isotopes to have migrated down to about 40 cni below the soil 
surface, indicating greater aqueous-phase mobility for uranium compared to plutonium. Migration 
of uranium below the soil surface reduced its susceptibility to dispersion by wind suspension. 
Therefore, uranium contamination was restricted to areas where it  was originally introduced to 
the soil, and it tended to only move vertically down the soil column. 

Because uranium contamiliation was limited to discrete areas on the RFETS. we treated the 
source iis ;I hot spot and restricted its area to l00 111'. This area differs from what w;is assuiiied in 
the DOE/CDPHE/EPA methodology, which assumed ;I 40,000-111' area. 

6. t Uranium M a s s  Loading 

To add r e s  t he resus pens ion pat ti yay from uran i 11 ni-con tanii nated areas, we a p pl ied the niass 
loading factor appro;ich used i n  RESRAD. As stated i n  tlie previous paragraph, we could not LISC 

the calibrated air rnodel usecl for plutonium for urariiuni. The mass loading factor relies 011 dust 
loading mcasurements and \viis the approach DOE used to ciilculate KSALs (DOEEPNCDPHE 
1996). The air concentration fr-oin resuspension was estiriiated using 

. 

w he 1'2 

c,, = 
hlL = 
c, = 

:I i rborne conccn t ration from resus pens ion 
mass loading factor (g ni-') 
surfiics soil concentration (Ci g- ' ) .  

l 'he air concentration was further riiodified by an area f x t o r  that accounted for dilution of 
the airborne mass from iiiicontiiniitiated dust that cntcrecl the airstream upwind from the source. 
The area factor approaches I .O for very large areas. 'The original RSA1,s (DOE/EPA/CDPHE 
1996) wcre based on ;I ni;iss loading factor of 26 11s ni-'. Mass loading i n  the vicinity of Rocky 
Flats has been mcasurcci by tlie CI~PI-IE, and I-Iodgin (: 199s) provided ;I review of these data for 
1995, 1996, and 1997. The :innu;il averase geonietric nican (GM) total suspended part iculatcs 
(TSPs') W;IS 37 ctg ni-' at the cast end of the Industrial Area and 27 11s 111-' i n  the interior of the 
cast Buffer Zone. Gcoinetric nie;iii TSP concentriitioiis around the pcrimctcr of the l iFP ranged 
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from a high of 39.S pg 111-~  at the west perimeter to a low of 25.6 pg 111-~ at the northern perimeter 
of the site. 

M a s s  loading factors were reviewed for Phase I1 of the Rocky Flats Dose Reconstruction 
project in  Rood and Grogan (1999). Raw data from the perimeter monitoring stations were 
obtained from personnel at CDPHE for the years 1992-1998. The GM of the six annual average 
TSP concentrations was 35 pg r ~ i - ~ ,  with a GSD of 1.25. In the Phase I Dose Reconstruction 
Project, ChemRisk reported the GM TSP annual average concentration at Rocky Flats was 60 pg 

for 1980, 1983, and 1984 (ChernRisk 1994). This value was obtained verbally from CDPHE 
personnel,' and records of this information were not obtained. We queried CDPHE about this 
value, and they referred us to the later ineasureinents that were considerably lower than those 
used by Chernliisk i n  Phase 1. A mean of 35 pg ni-3 appears more reasonable than 60 pg n1-3 
based on other measurements near Rocky Flats and elsewhere. According to the  US. 
Environmental Protection Agency (EPA), the annual mean TSP concentration at 30 nonurban 
sites ranges froin 5 to 50 pg m-3 (EPA 1990). Whicker and Schultz (1982) gives an average dust 
loading in nonurbmn locations of about 40 pg m-j. For urban locations, Gilbert et 31. (3983) 
reports TSP Concentrations range froin 33 to 250 pg m-3. 

Because we are dealing with a nonurban environment, we believed i t  was more appropriate 
to L I S ~  the site-specific inass loading factors. Therefore, we applied a mass loading factor having a 
GM of 35 pg m-' a n d  :i GSD of 1.5. The GSD was increased to envelop the range of measured 
dust coiicentrations at the RFP. 

Not all particulates ;ire respirable. Particulate matter less than I O  pni aerodynamic equivalent 
diameter (I'M- IO)  is ~ c i i c r a l l y  considered i n  the respirable size range. Hodgin (1998) reported 
tliar Phd- I O  conceiitr;itions rnnged from 30 to 40% of the TSP concentrations. The PM-IO 
concentratioii is tlien the 'TSP concentration multiplied by the fraction of the TSP that is < I 0  pin. 
Therefore. w e  assigned ;I uniform distribution to the fraction of TSP that is <I0 pin having a 
minimuin of 0.3 aiid ;I iii;ixiiiiuni of 0.4. 

6.2 Implicatioris of a Fire 

Section 5.5 discusses ti12 possibility of ii fire sometime in the future at the RFETS. Using fire 
statistics for this century i n  tile Arapaho and Roosevelt National Forests and the Pawnee National 
Grassl~uiclr;. the probability of :I fire occurring on the ranchers land at the RFETS was estimated to 
be 9 x IO-.'. Thc srnaliest fire area considered in the fire statistics data set was 4.05 x lo5 m' or 
I00 ;icres. tisiiig the ;ire;i encoinpassed by uranium contamination (100 m') in  Equation (5 -  16) 
yields ii probability of 

1x10'111~ 
I-' = , xO.55 = 9 . 0 ~  IO-'. 

6. lx lo9 rn- 
This protiability is 5 orders of magnitude lower than that for the plutonium case. 

Additioiially, only the inhalation pathway is affected by the fire, and inhalation doses made up a 
small fraction 01' the total dose @Sure 6-1). Nevertheless, we ran a trial fire case to vcrify that  
cven i t  thcre wcre ;I [.ire, the doses would not be significantly higher. For this trial, we 
coiiscr vat i vel y assu mecl I liar any fire occurri iig on t hc site encompassed ;I u ran i 11 in-con tami iiated 

- 
" 

19. 1992. 
l'erso II ;I I c o i 11 I 1111 11 i c;it i o n \vi t li N . D. Chic I;, Co I or ado De part inen t of Heal t 11. Air Po I I u t ioii D i vis io 11. J i i  ne 
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0 Milk Ingestion 

e 

1;igurc 6-1. 1-1-action of thc total dose at the tinis of niaxiinirni dose for different pathways of 
~ X ~ O S L I ~ ~  ;IS ;I Function ot' the '-"U RSAL with the groiinclwater pathway turned off. The sum-of- 
ratios calculation is incorporated into the 'j8U RS.4L. Note that soil ingestion and inhalation make 
1111 on ly  a siiiall fr;ictioii of the total dose. 

The fire calculation lor uranium used the s:ihe statistics used in the plutonium simulations. 
'That is, we calculated the ycar when a Fire of greater than IOU acres would occur somewhere on 
the rancher's land. Wi: essentially assumed that that fire would encompass an area contaminated 
b y  ui-aniuni. We perforrnccl the calculation using the inass loading factor for vegetated surfaces. 
Ncxi, \\'e estr;ictcd tlic doses from RESR.4D at the time of the fire and a t  tlic time of maximum 
close estini;ilcd b y  RESRAD from the SUMMARY.REI' file. Bccause the inhalation dose is 
proport ional to tlic miss loatliiig t'actor, wi: scaled the inlialution dose according to the increase i n  
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7. AN ALTERNATE RSAL CALCULATLON METHOD 

- .. . - ~  - -  ____  ' .  Iiiirzs ;I modifiE i -in -the =f i  re -model-to-enable- illto ,ac.coujiJz. t ~ r  the- ~- ~ 

triincated concwtr;itioii wi th in  thc maximum contour for those cases when the burn region 
intersects [.he contour region. I r  was necessary to make use of absolute rather than relative soil 
concentr;itions. and the estimated firdno-fire f lux  ratio is of ;I different form. In the remainder of 
this section, wc give sonic details of the modified fire moclel. 

The modification applies to tlie material o f  Section 5.5.2. We still estimate thc f lux  ratio <P 
of' Equation (5-  171, a i d  we calculate the air concentdoll due to restispension from the randomly 
gcncrutecl circulLir burn region with ;I circular ;irea-soiircc Gaussian pliiine model, but now we 
rake into xcoiiiit the truncation w i t h i n  the burn region if that region intersects the maximum 
coiitoiir. The total flu.'; From the circular region i s  til = I . ~ ~ ~ ~ ~ ~  + A I . ,  where I.2ono is the baseline soil 
I'Inx with nori i ial  wytation, and A/. is the incremental Ilux tllie to the devcgetation. We denote 
the uiiiuoclifiecl air concentration by C,, , the concentr;irioii componenr. per u n i t  f l i ix  froin (he burn 
region tiy x (,calcutatcd by the circular area-sourcc Gaussian plume model), arid the rnoclilietl air 

' 

4 -  

7.1 Truncation of Soil Concentration at a Specified Contour 

In Section 5.2. I ,  we mentioned the contoiir truncation feature of  the air transport and 
diffusion model, i n  which a11 soil concentrations within a specified contour can be given the value 
of the contour (i.e., we triincate the concentrations to that value). For example, if we wish to 
siiniilate remediation to a inaximum of 4000 By kg-' (10s pCi g-'), the model levels all 
concentrations within the contour line defined by this value to 4000 Bq kg-' (108 pCi g-I). Thus, 
the simulation treats this value as the maximum concentration for the site. This capability makes 
it  possible to estimate RSALs that correspond more explicitly to the specified conditions than 
KSALs calculated with the sum-of-ratios scheme used elsewhere in this report. We refer to this 
approach as the alterriate IZSAL calculation method. 

Using the contour truncation feature of the model, we can estimate RSALs directly by 
calculating maximum annual dose for various maximum contour values, as if  remediation had 
been carried out as indicated by those values. When we reach a contour concentration that 
corresponds to the prescribed dose limit. that concentration is the RSAL. Since we are applying 
iincertainty techniques, each contour value generates a dose distribution. In this context, we 
choose ;IS the IGAL the contour value for which tlie limiting annual dose is approximately the 
90th -percentile of' the dose disrribution, iii accordancc the principle that t h e  probability of 
exceeding thc close l i m i t  stioiild be approximately IOL;/o. 

This alternarc incthocl, which we describe below by iiieans of an example, is somewhat more 
clif1:icuIt IO iriipteinent than the approximation methods we have applied to generate the 
probability C L I ~ V C S  i n  Section I I. Ir is not easily aiitoin;ited, and thus it  is not yet suitable for 
ceneratiiig the 1 ~ 1 1 1  range ol: I -SALs for all scenarios and varianLs. However, because i t  is more 
explicit, i t  is useful ;IS ;I check on the sum-of-ratios rncthod. A careful scrutiny of i t  map help to 
clarity s o m e  questions coniiected with the definition of a soil action level i n  heterogeneous media 
stili  ;is those t~i;it exist ; i t  thc ~ o c k y  Flats site. 
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C[: = y (C ,  + x. At-)exp(-at) = C,, y (I + x. AI-/ C ,  )exp(-at) = C(,@ (7- 1 ) 
where, as i n  Section 5.5, g denotes mitigation due to vegetation regrowth, and c1 is the first-order 
weathering coefficient for leaching of plutonium; r is t h e  nunlber of years after 2000 that the fire 
occurs. The symbol 0 represents our estimate of the plutonium activity f lux ratio (the 
corresponding quantity without the exponential factor is the soil mass flux ratio). If @ > I , then 
Ci: > C,, , and the  fire is considered significant, which means that we use the  dose estimate based 
on the future fire rather than the dose estimate based on the vegetated site in the year 2000. For 
each Monte Carlo realization, this choice must be made. 

Here is an algorithnuc outline of the calculation of the plutonium tlux ratio: 

(1)Sct flus ratio 0 t 1 and the fire year 171 c ti /*  t I (in4: will keep track of the year in 
which the maximum flux ratio occurs). C ,  and At- are already available. 

(2)Sample a number ~1 from the uniform distribution on [O, I ] .  If LI 5 p ,  we have a fire in 
year 111, so go on to step (3). Otherwise, go to step (4). 

(3)Gcncrate x and g independently. Set p t (I + x. At- / C,) exp(-a(iiz - I ) ) .  . If q > @ , 

set 0 t q and tiz4: t t i l .  

(4)If / t i  < 1000, 111 t HI + 1 and return to step (3). 
(5)Else set f t ttz - I and exit. 

We use the criterion (P > 1 to indicate the occurrence of a significant fire. If one occurs, t 
indicates the year. The modified mass loading factor in RESRAD inust be based on the soil f lux 
ratio rather than the plutonium flux ratio. Accordingly, when <f, is used for this purpose, i t  mzst 
he iiiultiplietl by the factor exp(at) .  

7.3 Calculations with the Alternative Method 

W e  have applied the contour truncation fcature of the air transport and dit'fusion model to the  
h'AC Rmcher scenario, where the subject resides on-site. We begin wi th  a high maximum contour 
w l u e  and work downward until the 15 mrem year-' dose limit occurs near the 90th percentile of 
the ni;ixitiiiim annual dose distribution. Table 7- I shows the results as the maximum contour 
value is reduced. I n  each case, the subject is assumed to be situated within the maximum contour, 
on the eastward radial from the 903 pad. at the point of maximum air concentration (this point is 
determined experimentally by calculating air concentrations at intervals of 0.1 kni). Note that the 
subject location moves eastward as the niaxinium contour value decreases (and hence the 
remediation criterion grows more stringent). Note how the percentile at which 15 nuem year-' 
occurs increases. .The values i n  Table 7-1 are based on 200 Monte Carlo realizations per 
simulation. The uncertainty of the soil concentration is represented by a lognormal distribution 
with geometric standard deviation (GSD) 2, corresponding to a 90th/50th percentile ratio of 3, 
which is approximately the  generic guidance tor applying KESRAD. We mention this choice of 
the GSD because the RSAL estimate is sensitive to this assumption, 

The last two lines of Table 7-1 place t h e  23')+2'"P~~ RSAL between 27 and 54 pCi $-I. Linear 
iiiterpolaiion gives the value 38 pCi g-'..This result includes simulation of future fires within the 
lire clomaiii ;IS indicated i n  Section 7.2. To provide a sense of the importance of the fire 
simulation to the 'alrcrnate mcthod with this scenario, we repenred the calculation w i t h  the 
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Distaiici: corresponds t o  in;ixiniciiii air concentration. 1) 

7-3 

probability of a fire in  any specified year set equal to zero; this setting prevents all fires. The 
RSAL for this no-fire simulation i s  44 pCi g-I. Thus the fire, as implemented, has a small effect 
on this simulation. However, there are technicalities i n  the method of implementing the fire. 
model that might change its relative importance under different algorithmic arrangements. These 
technicalities are related to making uncertainty estimates for the plutonium soil concentrations 
compatible between tlie master script and the external program that implements the fire model. 
We have had no opportunity to explore this question and cannot elaborate on i t  here. 

Sensitivity to the fire for the extended sum-of-ratios method depends on the air-to-soil 
concentration ratio at the receptor location. For the rancher scenario, it  ranges from about a factor 
of two (with the higher RSAL corresponding to no fire) at the eastern site boundary to a 
negligible effect near the 903 pad. Receptors placed at the eastern margins of the site are more 
sensitive to the occurrence of a fire because they tend to be downwind from the fire locations. 

The alternate calculation's value of 38 pCi g-' might be expected to differ from the value 
given by the probability curve based on the extended sum-of-ratios method. The latter method is a 
linear extrapolation, which depends on 7-39+240Pu air-to-soil concentration ratios that are calculated 
froin the unremediated spatial soil distribution of - Pu on the Rocky Flats site. RESRAD- 
calculated RSALs are functions of location only through air-to-soil concentration ratios of 

Pu, but the RSALs are independent of soil concentration. Also, the receptor remains at a 
fixed location at tlie eastern site boundary, whereas the alternate calculation puts the receptor 
w~ieri: t ~ i e  post-remediation air concentration is inaxiiiium. However, the similarity of results 
between thc alternate calculation and the extended suni-of-ratios niethod (38 vs. 35 pCi grl) Sives 
;I degree of confirmatiori ot' the latter estimate. The near equality of these estimates should not be 
over~r7iphasized: one could a r y e  that the factor-of-three uncertainty assumed for the soil 
coiiceiitrations i n  the alicrii:ite calculation should be applied to the result. If  this were done, we 
~ v o u l c l  have ;I 90% uncertainty interval of roughly 10 to I O 0  pCi g about the alternate estimate. 
Evcn so, this interval does i i o t  differ drastically from the range discussed i n  the conclusions 

. 

1 3 9 ~ 2 1 0  

7?1+240 

- 1  

Talde 7-1. Accurate Estimation of 23y+240Pu Soil Action Level for the RAC Rancher Living 
on thc Itocky Flats Site, Using the Truncation Feature of the 'Transport and Diffusion 
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A calculation with the alternate method for a location just east of Indiana Street, using the 
same rancher scenario and the current spatial distribution of - Pu i n  soil, indicated a dose 
distribution with the  15 mrem year-' dose limit at approximately the 99th percentile. This result 
indicates that no remediation would be required to ensure with 99% probability that individuals at 
this location would not exceed the 15 mrem year-' dose limit, provided they did not spend time 
on the site. Such a result would be applicable only i n  the case of a long-term institutional 
sequestration of the site. 

739+?40 

7.4 Implications for the Definition of a Soil Action Level 

This approach to calculating RSALs raises the question of exactly what is meant by such a 
hazard index. A general unambiguous definition is difficult to formulate for a conceptual model 
with heterogeneous concentrations in environmental media such as one required by the Rocky 
Flats site. The alternative calculation method just illustrated points to a definition related to a 
remediation strategy of creating a uniform truncated concentration within ii specified maximum 
concentration contour line. Given this strategy, one can define the soil action level as the 
ti~;i.Yiiiiitin-coiitoiir concentration that produces 15 nvetn year-' dose limit for the scenario being 
considered (or rather that produces a dose distribution having this dose limit as its 90th 
percentile). 

R u t  onc can imagine situations i n  which t h e  dose limit might be met by local remediation 
that would not reduce the global maximum concentration. In such a case, one would have to 
tnodil'y the definition to suit the site and the remediation strategy. For example, on a site with two 
high-iiiagnitude maximum locations separated by some distance, i t  might be possible to meet the 
dose limit criterion for some exposure scenarios by reducing contamination near the lesser of the 
hot spots and leavinz the other intact. Such a strategy would succeed without reducing the global 
maxiinuni and would require a different definition of a soil action level. This example illustrates 
that ;I clefinition of the concept depends on the proposed dose reduction strategy. A weakness of 
the estericled sum-of-ratios method we have used i n  this report is the d culty of inferring a 
remediation strategy tha t  corresponds to t h e  result. 

I3ecause of ambiguities such ;is t h e  one just illustrated, we have expressed reservations about 
the use 01' soil action levels and have suggested that less emphasis be placed on them. Calculation 
of the distribution of maximiini annual dose (or any other criterion) for each of a sequence of 
remediation steps gives a constructive picture of the relationship between soil concentration 
le\,els and the goal to be met. Such calculations are well within the state of the art, and they need 
not be prohibitively expensive. We would recommend that they be tailored to the site iinder 
study. just as we have made these calculations specific to the Rocky Flats site. 



S. THE ROLE OF RESKAD 

Straightforward application of RESRAD to the Rocky Flats site encounters difficulties 
because of the highly nonuniform spatial distribution of - Pu i n  soil on the site. Using 
resuspension modeling that takes this large variation into account, we have estimated air-to-soil 

-mass loading ratios (i.e., air concentration divided by soil concentration at the same location) that 
vary by more than an order of magnitude from one location to another. It is reasonable to apply 
RESRAD to the site if external models arc first used to estimate a mass loading factor that is 
appropriate to the receptor location. It is also necessary to bypass the area factor that RESRAD 
calculates to account for dilution of contanunated airborne dust by uncontaminated dust from 
greater distances. This area factor is based on a simpler model of spatial distribution of 
contamination in the soil than is required for the Rocky Flats site. 

We have used Monte Carlo calculations for the uricertainty analyses that we have carried 
out. Although a beta test version of RESRAD 7.81 with Monte Carlo capabilities was available 
when the study began, we preferred to control RESRAD with scripts written in PERL. The script 
invokes the coinputational module of RESRAD (RESMAlN3.EXE) repeatedly, using input files 
with randomly sampled parameter values, extracts the desired results from the output, and stores 
them !or subsequent analysis. Some experimentation with the special version of RESRAD 
indicated that Monte Carlo simulations with it  were likely to be significantly slower than with the 
scripti-rig method. Moreover, the scripting approach offered some substantial conveniences for 
preprocessing data that the special version could not. Figure 8-1 summarizes the control cycle 
implemented by each PERL script. We prepared a separate PEKL script for each scenario. A 
sample script is shown i n  Appendix A. 

RESRAD enibodies its own approach to resuspension. The approach is generically 
clefensible for the models described by Yu et 211. (1997), but i t  needs to be adapted for application 
to the Rocky Flats site. RESRAD estimates the air concentration of radioactivity C, (Bq n1-3) as 
the product of ;I rniiss loading factor ML (kg ni-’), an area factor AF (dimensionless), and the 
concentration C, of activity in surface soil (Bq kg-I): 

C, = C, . hlL . AF 

739+210 

- 

(8- 1 ) 

Tlic mass loading factor may be estimated as the steady state mass concentration of 
resuspended - s o i l  particles. If-th’e’sotirce area of~the ~resuspended-particles is=effectively _infinite -~~ .-- 

and unifornily contaminated, then the air concentration is given by the product C, . ML in 
Equation (8-1 ), so that AF = I .  Otherwise, the area factor is intended to adjust for the effect of 
dilution of the air concentration by uncontaminated soil particles that are transported from beyond 
the contaminated source region. I t  could be argued that other factors, such as variation of particle 
size distribution between the soil and the reference height, would also influence the area factor, 
but we accept the RESRAD interpretation for this discussion. 

- ~~ ~ .~ ~ ~ . = _  - 

=. ~ . 
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radionuclide). In order to plot this information, we use a $rid of values of 239+240 Pu soil 
concentrations, one value for each point to be plotted. For each grid value (soil concentration), we 
sample the RSAL empirical file with replacement 1000 times (each sample would be one line 
from the imaginary table), and for each sample, we combine the individual nuclide RSALs that 
correspond to the - 739+240 Pu value in a sum of ratios: 

RSAL, RSAL, ''I ).Pu-239+240 (8-3) 
, 

where the subscripts point to the different individual isotopes "'Pu, ?-39Pu, etc., and rl ,. . . , r,,l 
are the isotope activity ratios relative to the reference concentration of 239c740P~~. Thus, we would 
have ';Cpu-239+240 = concentration of nuclide i i n  the soil. The values RSALI, ..., RSALNare the 
radionuclide soil action levels for a single Monte Carlo realization (ix., the values from a single 
line of the imaginary table). The procedure generates a succession of random sums-of-ratios, 
S(I), S'", . . . , S(') . The probability that the dose limit will be exceeded can be estimated as the 
number of sums-of-ratios that exceed I ,  divided by the total number B. (However, we have 
generally used interpolated values of cumulative probability rather than the discrete ratio.) The 
procedure is repeated for each grid value of the concentration Cp".239+240. The resulting 
probabilities are then plotted against the concentrations. These curves represent the probability of 

Pu concentration in soil, and we usually refer to exceeding the dose limit as a function of 
them simply as probability ciiriws. 

Note that for ainericium, neptunium, and the shorter-lived plutonium isotopes, the isotope 
activity ratios rl ,. . . , r N  stii)uld be specific to the time when the maximum dose would occur 
(Figure 3-1). However, we have always used the ratios for the year 2000, recognizing that this 
reprcsents a distortion for thosc Monte Carlo realizations that correspond to a future fire event. 
The effect is likely to correspond to a higher dose estimate than would be the case for an event 
many years after 2000, when levels of the shorter-lived nuclides ("'PLI, ""Pu, ""Am) ;ire lower 
relative to the longer-lived plutonium isotopes ('39Pu, 2 4 n P ~ ~ ,  ""Pu). However, ''"Ani peaks i n  
;ibout 2032 (Figure 3-l) ,  and unt i l  i t  returns to its 2000 level late in the 21st Century, the effect of 
using the isotope ratios for 2000 may slightly underestimate dose for fires occurring within that 
period. We do not consider this B matter for serious concern. 

?39+240 



9. METHOD OF PROBABILITY PRESENTATION OF RSAL RESULTS 

I n  this study, RSALs are presented i n  the form of a probability figure for each of the 
scenarios. Each scenario figure displays the probability of exceeding the dose limit as a function 
of the radionuclide concentration in the soil (in picocuries per gram). Figure 9-1 illustrates a 
generic probability curve. Each probability level corresponds to a distinct concentration of 

Pu i n  soil. The probability value represents the probability of exceeding the dose limit; that 
is, at soil concentration A (picocuries per gram), there is a 5% chance that the person identified 
hy the scenario will exceed the dose limit. Alternately, there is a 95% chance that the dose limit 
for the given soil concentration will NOT be exceeded. When we speak of probability levels 
throughout the  report, we speak in terms of the probability of exceeding the dose limit. 
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Figure 9- I ,  Generic distribution showing the relationship between probability of exceeding 
the cinsr limit as a function of plutonium concentration. As the containinant concentration i n  soil 
iiicreascs, so docs thc probability of exceeding the dose limit. 
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10. CONSIDERATIONS IN SELECTING A RADIONUCLIDE 
SOIL ACTION LEVEL 

A sound technical foundation and credible scientific methodology are the most important 
elements in setting soil action levels for the Rocky Flats site. In this report, we outline an 
approach to calculating RSAL values and provide an RSAL value that is supported by the 
scientific data, as specified in  the scope of work. However, the final RSAL selection, which must 
consider additional aspects, ultimately lies in the hands of the stakeholders, DOE, and other State 
and federal authorities. Many criteria must be included in the ultimate selection of a soil action 
level, inany of which cannot be taken into account in this analysis because they involve socio- 
political decisions outside the scope of our work. We list below some of the key criteria and 
explain those we have addressed and those that we have not addressed. Our approach should be 
viewed as a tool for selecting a scientifically defensible soil action level and a starting place for 
t h e  value that is ultimately selected. Our work provides a firm technical basis on which a soil 
action level can be selected when these additional considerations have been taken into account. 

Criteria that have been taken into account in RAC’s analysis of RSALs are 
0 Identifying bounding scenarios 
0 

0 

0 

0 Thc effect of time. 

The numerical precision of the RSAL value 
Probability of exceeding a dose limit 
Robustness of our analysis of the  RSAL 

Ci it21 1‘1 that have not been taken into account in RAC’s analysis of RSALs are 
Cost of clcmup 

0 Risk5 to the public during cleanup 
Ecological effect/inipact of clcanup 

0 Kish ‘IS t h c  basis for ‘in KSAL 
0 Ambient plutonium levels i n  the environment 
0 Liinits of detection of iiistriiiii2iitati0ii 

- -- -0 111 s t i tu t I o n a1 con t ro I,c - - - - 
- - - - ~- - -  - ~ _ _  - _  - _  - -  = -  - _  - _ _  

ColnmunIty values 

Some of these criteria are social, political, and economic factors that are outside the scope of 
our scientific work, yet their impact on the RSAL could be significant. We discuss each of these 
considerations below, listing those that we took into account first. Then we examine those that 
may impact tlie selection of an RSAL but were not included i n  our guidance. 

10. 1 Criteria That Have been Taken into Account in RAC’s Analysis of RSALs 

10.1.1 Identifying Bounding Scenarios 

Bounding scenarios :ire defined as exposure scenarios that  describe probable lifestyles, 
behaviors, and land use that  provide upper and lower limits on technically feasible RSALs. The 
bocrntling scenarios arc developed in  tlie RSAL analysis process ;IS ;I means of (a) providing a 
pluusihlc description of how individunls might use the land in the future, (b) allowing for the 

‘Setting the standard in environmental health” 
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uncertainty surrounding an unpredictable future, and (c) considering the protection of all 
members of the public at a dose level not to exceed 15 mrem y-’. These bounding scenarios then  
provide a range of liSAL values from which to select the nominal value that best represents 
protection of public health. Inherent in  all of our calculations of probability of exceeding the  dose 
l i i i i i t  as a function of soil concentration is the impact of a prairie fire. This important 
consideration is critical in  developing bounding scenarios. 

10.1.2 The Numerical Precision of the RSAL Value 

We reconiniend that RSAL values contain no more than two significant digits, which 
adequately represent the precision of the calculation. Assigning no more than two significant 
digits appropriately conveys the level of uncertainty associated with any methodology designed to 
derive soil action levels. Additionally, the RSAL should be rounded to the nearest multiple of 5 
( e g ,  35 pCi g-l instead of 33) when the RSAL is less than 100 and to I O  when the RSAL is 
greater than LOO. 

10.1.3 Probability of Exceeding a Dose Limit 

Selecting a soil concentration from a probability figure, such as the one shown i n  Figure 9-1 ~ 

necessarily implies selecting a probability level that conveys a degree of confidence that the soil 
concentration will not result in  doses greater than the prescribed limit. Such ;I level will vary 
among individuals and reflect different social, political. economic, and scientific interests. KAC 
believes that a probability level of between 5% and 1070 is reasoinble for selecting a soil 
concentration to represent the RSAL. 

This probability level is based on a numher of things. First, CERCLA, the statute that 
applies i n  this case, indicates that the RSAL is intended to assure protection o f  the reasonable 
tiiaximuni exposed individual. The following quotes are typical of EPA guidance on this subject. 

. . .  actions at Superfund sites should be based on an estimate of thc reasonable 
maximuni exposure (KME) expected to occur under both current and future land use 
conditions. The reasonable maxiinum exposure is defined here as the highest exposure. 
that is reasonably expected to occur at the site.. . (EPA 1988). 

The high-end of the risk distribution is, conceptually, above the 90‘” percentile of 
the actiial (either measured of estimated) distribution. The conceptual range is [lot 
meant to precisely define the limits of this descriptor, but should be ~ised carefully by 
the assessor as a target range for characterizing “high-end” risk. (Habicht 1992). 

Additionally, ninety-percent confidence intervals are prevalent in  practical parameter 
estimation, and the de facto default for tests of hypothesis is 570, as almost any statistics text will 
indicate by its csamples. 

This considerable weight of evidence drew us to select the 5 to 10% level as a11 appropriate 
probability level. We recognize, however, that the probability level adopted by the ItSALOP may 
be somewhat diflei-ent and reflect othcr interests, values, and concerns. 
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10.1.4 Robustness of Our Analysis of the RSAL 

. The process of calculating RSALs is not an exact science. We rely on the current state of 
knowlcdge to make our calculations-knowledge that will certainly improve in the future. 
Because of inevitable changes and improvements i n  methods and data, sonie consideration should 
be given to developing an RSAL that is robust, or scientifically defensible with time and not 
likely to result in exceeding the 15 rnrem y-’ target dose limit in  the distant future. Although this 
concept cannot be accounted for directly, we believe that selecting a probability level that 
provides a reasonable margin for error (Le., 5 to 10%) will help to address this criterion. 

1.0.1.5 Effect of Time 

RAC evaluated the time at which the maximum doses occur to ensure that the limiting 
scenario had been identified for the different radionuclides (see Appendix D). In all cases, the 
maximum doses occur at early times. It was found that doses are proportional to the amount of 
activity present i n  the surface soil compartment. Depletion of activity from this compartment is a 
function of the water infiltration rate and the soil-water distribution coefficient (&). Plutonium 
has a high value for Kd, which retards its movement from the surface soil and by the same token 
results i n  long transit times in the vadose zone. Consequently, during the time frame of interest 
and based on our analysis, plutonium does not reach the aquifer, and exposure via the 
groundwater pathway is zero. In contrast, uranium has a relatively low value for Kd, which results 
in higher leach rates and,, therefore, more rapid depletion of uranium the surface soil. However; 
the dose .that results from the groundwater pathway is smaller thmn from the surface soil 
path ways . 

10.2 Criteria ‘That Have Not Been Taken into Account in KAC’s Analysis of RSALs 

10.2.1 Cost of Cleanup 

The cost of cleanup w;j.s not considered i n  our selection of an RSAL. Weighing costs 
o_il_action le\el must be carefully considered by the  regulatory and 

funding agencies i i i  conjunction with the stakeholdeG, sitemanagement; and; most importantly,- - _ _  . 

thosc living near the site 

- 
- --- _ _  associated ith achieving - _  - -  

_. - - _  - i-- 

10.2.2 Ecological Effectnmpact of Cleanup 

Any decision about a soil action level must take into account ecological impacts. A level that 
is too reslrictive may severely affect the ecology of the site and may 1101 be justified. This is a 
factor we did not consider in our analysis, but is important to consider in  the future. 

10.2.3 Risks to the Public during Cleanup 

We have not considered thc risks to the public from exposure to airborne and/or waterborne 
coiit;iiiiinants that may be possible during clcanup. It must be recognized that such risks may 
increase as the soil action lcvel becomes more restrictive because more soil woulcl be removed. 

Risk Assessment Corporation 
“Setting the standard in environmental health” 



10-4 Radionuclide Soil Action Level Independent Review 
Task 5 :  Independent Calculation 

The remediation techniques used and attention that is given to limiting releases to the 
cnvironment offsite during the remediation process must be considered. These risks have not been 
considered in our analysis. 

10.2.4 Risk as the Basis for an RSAL 

Although we examined the risks associated with the  prescribed dose lirnit assuming the 
exposure is primarily from inhalation of plutonium (see Appendix E), we have not used risk as 
the basis for calculating an RSAL. The lifetime risk from plutonium exposure, assuming 70 years 
of exposure at 15 inrem y-l was on the order of 5 x lo4, wi th  a large uncertainty range from 
about 3 x IO-' to 15 x The risk associated with exposure for 30 years at 15 mrem y-l was 
approximately 2.3 x LO4 with a range from 1 x IO-' to 7 x This estimate was based on 
recent work in Grogan et al. (2000). 

It is even more instructive to look at the range of risk associated with the possible exposures 
discussed in this report. At a minimum, a receptor in this analysis would be exposed to the 
maximum exposure from the fire in  one year (15 inreni y-I) and have no exposure in dl other 
years. The maximum exposure would be 30 years at the dose maxiniiiiii each year (15 mrem )I-'). 
The range established for exposures such as these would be from 7.5 x IO" to 2.3 x IO-'. It i b  

helpful to understand the risks associated with the dose limit. 

10.2.5 Ambient Plutonium Levels in the Environment 

Plutonium in Colorado soil resulting from fallout from nuclear wealmiis tests has not bceii 
taken into account in  our methodology. Although ambient plutonium in  the liocky Flats area froin 
sources not attributable to Rocky Flats is higher than that seen i n  other parts of tlie country (:see 
Appendix C), the background levels i n  soil (0.00s-0. I pCi g-l) are still much smaller than what 
will ultimately be iised for a soil action level. I t  is important to consider this ambient level 0 1  
plutonium i n  the environment because it helps put into perspective any value of action level that 
is selected. 

1.0.2.6 Limits of Detection of Instrumentation 

The ability to detect plutonium contamination at ;I certain level could i n  tluence ;I clecision 
about the RSAL. Lf the value is below a l i i n i t  of detection, it  is not possible to verify [lit cleanup 
level being impiemented. The detection limit of plutonium should be considered in the fiiral 
selection of a soil action level but was not taken into account in  our analysis. 

10.2.7 Institutional Controls 

The decision about whether or not institutional controls will continue to exist 31 the  liFE7'S 
facility is a political one and was not taken into account in our work. Presumubly. these cnnLrols 
could significantly impact the economics of cleanup and tlie long-term I'uture use of the site. 
Decisions regarding ins t i t 11 t i  ona I controls must re niai n the res pon s i L) i I i ty o f s t a keho I de rs ;i ncl 
parties responsible for the site. 
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10.2.8 Coriiniunity Values 

In selecting an RSAL,. one factor stands out as possibly the most iinportant for all 
stakeholders to consider. In a sense, i t  is scientific in that i t  is based on a level of calculated risk 
or dose. On the other haiid, it  is a subjective decision that may well be different for every 
individual. The community must weigh the ethics and values inherent in  a decision regarding a 
contaminated environment that will eventually be regarded as acceptable for individuals to 
inhabit. This consideration has not been addressed i n  our analysis, but it is one that must 
ultimately be taken into account. 

Risk Assessment Corporation 
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11. RESULTS 

11.1 Introduction to Plutonium RSALS 

The conceptual site model RAC used to calculate plutonium RSALs was based on a 
heterogeneous distribution of plutonium soil and air concentrations across the RFETS. An 
important distinction between this method and the one used by DOE/EPA/CDPHE (1996) and 
inherent to the RESRAD model is that the conceptual model employed in RESRAD assumes soil 
and air contamination to be homogeneous (uniformly distributed) across the site being modeled. 
When soil and air concentrations are assumed to be homogeneous, the dose to a receptor is 
proportional to the soil concentration in the area being modeled and the calculation of an RSAL is 
straightforward. Because a homogeneous distribution of plutonium is definitely not the case at the 
RFETS; we used the air dispersion model described earlier to incorporate soil and air 
concentration heterogeneity into the calculation. We used RESRAD only to calculate intakes and 
doses. 

Incorporating soil and air concentration heterogeneity into the conceptual model complicates 
both the calculation and interpretation of RSALs. A conventionally defined RSAL (such as 
defined in RESRAD) assumes homogeneous concentration and a fixed dose-to-source ratio (the 
source i n  this case is the contaminated soil). In our calculation, the KSAL depends not only on thc 
receptor scenario parameters but also on the location of the receptor relative to sources of 
contamination. Consequently, different RSALs are calculated for the same scenario depending 011 

where the receptor is located. Furthermore, the conventional RSAL its defincd in RESKAD is not 
really applicable to the conceptual model wc employed in our calculations bccausc it is based on 
a unil‘ornily contaminated area, which is not true of the RFETS soil conceiitrittion profile. 

The RSALs we calculated are a combination of both near-field and far-field contamination 
sources. The near-field source is the soil contamination at the location of the receptor. The far- 
field source is resuspended contaminated soil from upwind sources. The relevant pathways of 
exposure that are affected by the far-field source include inhalation, plant ingestion (from foliar 
deposition), and milk and meat ingestion (again from foliar deposition). 

Our research indicates that thefi.acrio,z of total dose froni the far-field pathways is nearly 
Qroportional . - - ~  to the air-to-soil concentration ratio, which varies with location across the site. The 

soil concentration at that same location. The air-to-soil concentration ratio can be cyuated to the 
mass loading factor in RESRAD. If we use the air dispersion model to calculate an air-to-soil 
concentration ratio representative of worst case conditions at thc site, then we can calculate 
RSALs i n  ;I manner similar to RESRAD, with the  understanding that these values will likely error 
on the side of conservatism. 

It is .important to remember that the actual soil concentration does not factor into the 
calculation of a n  RSAL. The RSAL is only a funct.ion O F  the dose-to-source ratio; tha t  is, the dose 
pcr un i t  concentration in soil. The dose-to-source ratio is a function of the physical transport 
processes and assumed receptor behavior (i.e., ingestion and inhalation rates). In our model, the 
dose-to-source ratio varies across thc sire because the  air-to-soil concentration ratio varies. 
Because our objective was to provide a conservative RSAL, we sclcctecl ;I location with die 
highest dose-to-source ratio. This location corresponds to the location with the highest air-to-soil 
co ncen t rii t i on rat i 0.  

- .~ - 
: . .~ 

. ~ .- = .~ .~ . .. 

- - .~ -. ~- 
air-to-soil concen&ation ratio.is-Th;6calibrated~air concentration at .a- gi:veii~ Iocatio.n=divjdeP - . by _ =  the -. .~ 
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Therefore, to provide RSALs that could be applied across the RFETS, we located each 
receptor at the point of the maximum air-to-soil concentration ratio, which was the east. edge of 
the site near Indiana Street. This location had a geometric mean soil concentration of I .S I pCi s-l 
and an air concentration of 2.33 x IO-' pCi which yields an air-to-soil concentration ratio of 
1.29 x IO-5 g m-3. Air concentrations at this location are proportionally higher relative to tlie soil 
concentration because the air concentrations reflect the cumulative f l u s  from all upwind- 
contaminated areas. 

The KSALs that result from this methodology may be interpreted as a clean-up level applied 
to the entire site. That is, contaminated areas, as defined by the soil sampling protocol, should not 
exceed the RSAL. It is important to note that doses at the location where these RSALs are 
calculated (near Indiana Street) did not exceed the 15 mrem dose limit (at tlie 90th percentile 
level) based on current contamination levels. The RSAL. however, is more an artifact of the 
calculation than a statement of the actual heath risk a person may incur at that location. We 
believe these values do provide an estimate of soil concentrarions that are protective of 1iuni;in 
health for the RFETS. However, it  should be understood that the RSALs calculated in  this 
manner are not necessarily consistent with the conceptual niodcl of heterogeneous contamination 
developed for this study. Section 7 of this report presented an alternative method for calculating 
an RSAL that used the heterogeneous features of our conceptiial model. This method was based 
on the dose a receptor receives at a given location and ;I proposed level of reniediation and 
provided us with a confirmation of t h e  viability of the RSAL rcsulrs presented i n  Section I 1.4. 

11.2 Important Pathways for Plutoniuni Isotope Simulations . 

Figure I 1 - I  illustrates the relative importance of I>i1th\VLiys for plutoiiiuni RSAL simulations. 
This figure shows the fraction of the total dose for the. tlirce most iiii1xm;iiir exposure path\vays ;is 
ii function of t h e  239+'4('P1~ RSAL for the  rancher scenario. The '-i')t2'i'F"~ RSAL includes the sum-ut- 
ratios calculation described in  Equatioii (5-5) .  There is iiii inverse relatioiisliip between tlie 
fraction of dose attributed to inhalation and tlie 2'u+2''1Pu RSAL because the lower RSALs ;ire 

driven by the occurrence of a fire. The occurrence of ;I fire resi.ilts i n  enhxicccl resuslxnsion md. 
therefore, higher air concentrations for the same soil concenrration. which leads to higher 
inlialarion doses. As the importance of inhalation decreases, the iiiilm-tancc. 01' the other piith%.\.ays 
increases. Most notably, soil ingestion becomes tlie iiiosr iiiiport;int esposurc pathway. The 
groundwater pathway was negligible in a11 cases. RSALs \veri: the s;iiiit: \i-itli and without the 
pathway turned on. Therefore, RSAL results are only showii without the grounclwater pathway 
turned on for the plutonium isotopes. 
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Figure 11-1. Fraction of the total dose for the rancher scenario as a function of the 2.''',T'J"Pu sum- 
of-ratios KSAL for the three primary exposure pathways (inhalation, soil ingestion, and plant 
i n ge s t i o n ) . 

Sum of Ratios 239Pu RSAL (pCi g-') 

11.3 Introduction to Uranium RSALS 

Uranium was treated differently than plutonium because uranium contamination around the 
RFETS is niore localized and covers a smaller area, as discussed in  the uranium methodology 
section. We treated uranium contamination as an isolated hot spot problzm and assumed 

inated area of LOO m'. Under these conditions, the RESRAD conceptual model - - - .  .~ 

-. ~~ ~~ - -_ __ ~- ~ . -. 
iondand calculation of=an -+*SAD -is straightforward, - - -~ 

Risk Assessment Corporation 
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11.4 Scenario Probability Curves  for Plutonium 

11.4.1 Scenario DOE-1 

Scenario proposed by: DOEEPNCDPHE Scenario name: Resident 

Sonie key scenario paranieters: 
Dose l imit  (mrem y-') 15 and S5 
Time on the site (h y-I) 5400 

Breathing rate (m3 y-I) 7000 

Irrigation water SoLirce groundwater 

Onsite drinking water SOLII-cc no 

Time indoors onsite (70) 100 

Soil ingestion (g y-')  70 

Irrigation rate (m y-I) 1 

RSAL probability curve resulting from HAC calculations: 
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Figure 11-2. Curve representing the probability of rxccccliiig t l~e  clost: l imi t  for the 
DO E/ E P A/C 0 P H E Kes i cle n t sce n ;ir i o . To I ;I I dose i nc I udes t hc: s 11 111 -0 I-rat io s c;i I c 11 I a( i 0 n fn r ;I I I 
plutonium isotopes and their :laLiglitcr proclucts. This I~rolxtdiliry c u n x  iricludes the impact of ;I 
Fire coilsidered probabi I isticai 1y 
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This scenario was part of the original RSAL calculation (DOEEPAKDPHE 1996). The 
RSALs presented here represent this same scenario calculated stochastically using the 
methodology developed by KAC. At the 10% level (90% probability that the dose limit would iiof 

be exceeded), the RAC-calculated RSALs for 239+2J0Pu (including the sum-of-ratios calculation) 
were 259 pCi g-' for the 85 mrem dose linut and 45 pCi g-l at the I5 mrem dose limit. Individual 
RSALs for the plutonium isotopes are presented in Table 11-1. 

. 

Table 11-1. Percentiles from the Distribution of Individual Plutonium Isotope RSALs for 
the DOEEPNCDPHE Resident Scenario using HAC stochastic methodology, 

15 mrem dose limit (pCi g-t)a 
Percent i I e Am-24 1 Pu-238 PLI-239 Pu-240 PU-24 I Pu-242 

1% 15 42 6 7 58 7 
5 Yo 45 I16 27 29 175 28 
10% 89 15 I 54 55 330 56 
50% 205 205 176 I78 900 184 . 

90% 552 17650 192 I92 2055 20 1 
95% 917 9 I 820 200 205 3359 208 

"The individual RSALs for the 85 mreni dose limit can be obtained by multiply in^ these 
values by / l j  or about 5.67. 85 

This section illustrates the RS.4Ls using the resident scenario froin DOE/EPA/CDPHE 
( I  996) and the RAC methodology presented in this report. The path\vays o,f concern werc 
different hecause the methodologies were different and ;I number of .the input  paramclers u\'cri: 
changed in our calculation. 

. Risk Assessment Corporation 
"Setting the standard in environmental health" 
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11.4.2 Scenario DOE-2 

Scenario proposed by: DOE/EPNCDPHE Scenario name: Open space user 

Some key scenario parameters: 
Dose limit (nuem y-I) 85 

Time outdoors onsite (%) IO0 
Time on tlie site (h y-I) I25 

Breathing rate (m3 y-I) I 75  
Soil ingestion (g y-')  2.5 
Irrigation water source not applicable 
IrriSatioii rate (ni y-'1 not applicable 
Onsite drinking water source no 

RSAL probability curve resulting from KAC calculations: 

DOE Open Space User (85 mrem Dose Limit) 
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Figure 11-3. Probability of tht. total dose escrcdiiig the S 5  nirem dose limir I'oI tlie 
DO E/E PivC D P I4 E 0 pi: I 1 spice 11 se I sc c 11 ;Lr i o . To t:i I cl osc: i 11 c 1 ucles t hi: s 11 m-o l-ra t i o s ca I c 11 I at ion 
for all plutonium isotopcs and thcir daughter products, This probability curve inclucles the impact 
0 1  a fire considered probubilistic~illy. 
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This scenario was part of the original RSAL calculation (I>OE/EPA/CDPHE 19%) and 
assumed that the site remains as open space and will not be developed i n  the future .  The RSALs 
presented here represent this same scenario calculated stochastically using the methodology 
developed by RAC. At the 10% level (90% probability that the dose limit would t i o f  be exceeded), 
the RAC-calculated RSAL for 239+240Pu (including the sum-of-ratios calculation) was 6600 pCi g-' 
for an 85 nuem,dose limit. Individual RSALs for the plutonium isotopes are presented i n  Table 
11-2. 

Table 11-2. Percentiles from the Distribution of Individual Plutoniuni Isotope KSALs for 
the DOE/EPA/CDPHE Open Space User, 85 nirem dose liniit (pCi g-') 

. -  

Percentile Am-24 I Pu-238 Pu-239 Pu-240 Pu-24 I Pu-241. 
1 %  1882 9732 934 990 6990 969 
5 %  3549 24900 5790 6044 14S40 6040 
10% 3710 30200 11510 12180 17070 12140 
50% 3820 36600 30300 32200 18600 33400 
90% 11300 3985000 32250 34200 4 1400 35800 
95 90 15900 I1820000 32400 34300 58360 3.5930 

This section illustrates the RSALs using the open space user scenario t'rom 
DOE/EPA/CDPME ( 1  996) and the KAC methodology presented in this report. The pathways of 
concern were different because the methodologies were different ancl ;I nuinher of the input  
parameters were changed in  our calculation. 

Risk Assessment Corporation 
"Setting the standard in environmental health" 
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11.4.3 Scenario DOE-3 

Scenario proposed by: DOEEPNCDPHE Scenario name: Office worker 

Some key scenario parameters: 
Dose limit (mreni y- ')  85 
Time on tlic site (11 y-I) 2000 
T i m  indoors onsiie (%) 100 
Breathing rate (in' y-I) I660 
Soil ingestion (g y-l) 12.5 
trrigation water soiirce not applicable 
Irrigation rate (ni y-')  11 o t ii pp 1 i cab I t: 
Onsite drinking water source no 

RSAL probability curve resulting from KAC calculations: 
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Figure 1 1 - 1 .  Prchibility 0 1  the tota l  dose exceedins tlic 85 mrein dose limit ['or the 
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i i  fi re considered p i n  hah i I i s t i c ;i I I y . 
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This scenario was part of the original RSAL calculation (DOE/EPA/CDPHE 1996) arid 
assumes that the site is developed into an industrial parldoffice complex. The RSALs presented 
here represent this same scenario calculated stochastically using the niethodology developed by 
RAC. At the  10% level (90% probability that the dose limit would nor be exceeded), the RAC- 
calculated RSAL for 739+2J‘’Pu (including the sum-of-ratios calculation) was I585 pCi g-’ for an 85 
inrein dose limit. Individual RSALs for the plutonium isotopes are presented in Table 11-3. 

Table 11-3. Percentiles from the Distribution of Individual Plutoniuni Isotope RSALs for 
the DOE/EPA/CDPHE Office Worker Scenario, 85 nirern dose limit (pCi g-’) 

Percentile Am-24 1 Pu-238 Pl1-239 Pu-240 Pu-24 I Pu-242 
1% 339 1587 142 15 I 1244 147 
5% 1679 4664 924 956 6462 954 
10% 3517 5950 1948 2025 12870 201 I 
50% LO800 7750 6540 6600 45500 6840 
90% 18150 7 16000 7190 7220 66600 7530 
95% 25260 3 140000 7230 7260 92860 7570 

This section illustrates the RSALs using the office worker scenario Froin DOE/EPA/CDPHE 
( I  996) and the RAC methodology presented in  this report. The pathways of coiicern wzrc 
different because the methodologies were different and ;I nunibcr 01’ the input parameters were 
changed in our calculation. 

Risk Assessment Corporation 
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11.4.4 Scenario RAC- 1 

Scenario proposed by: RAC Scenario name: Resident rancher 

Sonie key scenario parameters: 
Dose Iiiiiit (inrein y-') 15 
T ime on the sitc (ti y-') S760 
Timc indoors onsite [%) 60 

I os00 
Soil ingestion (g y-') 75 
Irrigation water source grot1 l id water 

Onsitc drinking water sourcc groundwater 

Breathing rate (1n3 y- ')  

Irrigation rate (in y-l> I 

RSAL probability curve resulting from KAC calculations: 

RAC Rancher Scenario (15 rnrem Limit) 
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Figure 11-5. I'rolxibility 01' the total dose exceeding the 15 iiircni dosz Iiniit for the RAC: rcsident 
r ~ i  I i c  he I sce I 1 ii r i o . To la  I dose i nc I tides t tie s LI 111-0 1- rat i os c ii I c LI I ;i t io 11 10 r ;I I 1 11 I tit oil i LI in isotopes and 
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prolxib i I i st ica I I y . 
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This scenario represents a lull-time adult rancher who lives and works on RFETS lands. The 
probability curve shows two distinct slopes (Figure I 1-5). For 2j''+2")Pit concentrations less than 
-80 pCi g-'. the slope of the probability curve is shallow and reflects doses froin inhalation of 
resuspended dust and foliar deposition on plants. For soil concentrations greater than 80 pCi g-I. 
the slope of the probability curve exhibits a steeper slope and is controlled mainly by the soil 

Pu ingestion and plant ingestion pathways. The steep slope of the probability curve for 
concentrations greater than -80 pCi g-' results from less variability i n  the doses froni the soil and 
plant ingestion pathways compared to the inhalation pathway. Inhalation doses were proportional 
to the estimated air concentration, and air concentrations were considerably more variable than 
soil concentrations. Therefore, RSALs at the 10% probability level (90% probability that the 15 
mrem dose limit will no/ be exceeded) werc controlled mainly by the inhalation of resuspendcd 
dust. Note that the characteristic inflection point of this probability curvc is also seen i n  the 
probability curves for the other exposure scenarios. At the 10% probability level, the '39+'J0P~ 
RSAL (including the sum of ratios calculation) \vas 33 pCi g-I. Individual plutonium isotope 
RSALs are given in Table 1 1-4. 

230+?40 

Table 11-4. Percentiles from the Distribution of Individual Plutonium lsotope RSALs for 
the KAC Rancher Scenario, 15 nireni douc limit (pCi g-') 

Percent! le Am-24 I Pit-138 Pu-?39 P L I - ? ~ ~  Pu-24 I PU-242 
7 7 1 1 %  8 31 3 -7 1s -> 

5% 35 92 30 31 I31 21 
I0% 66 I I 4  41 42 242 43 

90% 236 I5 I50 131 I32  S63 . 137 
95 % 389 60330 I 3 1  I37 I420 13s 

50% 12s 142 111 I11 i69 I37 

Risk Assessment Corporation 
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11.4.5 Scenario &IC-2 

Scenario proposed by: Ri\C Scenario name: Child of rancher ( I O  years old) 

Sonic key scenario parameters: 
~ o s c  limit (inreiii y-') I 5  
Time on thc site ( t i  y-I) S760 
Time indoors orisite (%) 75 
Breathing rate (111~ y-')  8600 
Soil ingestion (g y-l) 75 
Irrigation water source groundwater 

Onsite drinking water source groundwater 
Irrigation rate (ni y-l> I 

RSAL probability curve resulting from RAC calculations: 
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Figurc 11-6. Prohability o f  the total close escecding the 15 mrem close l i m i t  I'or h e  RAC child of 
ranchcr scciiario. Total close inclcrdcs the sum-of-ratios calculation for al l  plutonium isotnpcs and 
their cliiiiglitcr products. This probability curve includes the impact 01' ;i fire considered 
prc) hiibi I is I i cii I I y . 
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This scenario represents a IO-year old child of a full  tinit: residelit (rancher) w h o  lives on 
KFETS lands. The probability curve shows two distinct slopes (Figure I 1-6). For zJL)'"~")Pti 
concentrations less than -60 pCi g-', the slope of the probability curve is shallow and reflects 
doses from inhalation of resuspended dust and foliar depositioii oil plants, primarily from fire 
events. For soil concentrations greater than  60 pCi g-', the slope of the probability curve exhibits 
a steeper slope and is controlled mainly by the soil ingestion arid plmt ingestion pathways. The 
inflection point of this probability curve occurs at ;I lower 23"+"0Pu soil concentration compared to 
the adult rancher. Because ingestion rates for the two scenarios were assumed to be the same 
(75 g y-I), this difference reflects the differences in  the ingestion dose conversion factors between 
the adult and child. .At the 10% probability level, the 239+2"'Pu RSAL (including the sum-of-ratios 
calculation) was 35 pCi g-'. Individual plutonium isotope RSALs are given in Table I 1-5. 

Table 11-5. Percentiles from the Distribution of Individual Plutonium Isotope KSALs for 
the R4C Child of Rancher Scenario, 15 nircni dosc liniit (pCi g-') 

Percent i le Alll-24 I Pu-238 PU-3-39 PLl-240 Pu-24 1 PU-242 
1% 15 31 3 5 58 4 
5 %  46 75 21 37 I73 23 
10% 89 90 39 3 330 41 
50% 19s I os 93 93 S I6 97 
907G 537 I I 150 98 9 s  2010 102 
95% 89s 59000 I09 I14 3290 . 114 

Risk Assessment Corporation 
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L1.4.6 Scenario lL4C-3 

Scenario proposed by: RAC Scenario name: Infant of rancher (2 years old) 

So ni e key sce n a rio parameters : 
Dose Iirnit (mreni y-l) 15 
Time on the site ( t i  y-I) 8760 
Time indoors onsite ('7;) 90 
Breathing rate (m3 y-I) 1900 
Soil ingestion (g y-') 75 
trrigation watcr source groundwater 

Onsite drinking watcr source groundwater 
Irrigation rate (m y-l) I 

RSAL probahility curve resulting From RAC calculations: 
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Figure 11-7. Plnb:tbility of the total closi: escceding tlic 15 mrem dose limit for t h e  RAC infant of 
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the i r  claughtiii- proclucts. This probability curve includes the inipiict of a fire considered 
p ro bii I) i I is t i c ;I I I y . 
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This scenario represents ;in infant of L,I full  time resident (rancher) who lives on KFETS 
lands. Like the other scenarios, the probability curw shows two distinct slopes (Figure 11-7). For 
13"+240Pu concentrations less. than -90 pCi g-l, the slope of the probability curve is shallow and 
reflects doses froin inhalation of resuspended dust and foliar deposition on plants. For soil 
concentrations greater than 90 pCi g-l, the slope of the probability curve exhibits ;I steeper slope 
and is controlled mainly by the soil ingestion and plant ingestion pathways. The inflection point 
of this probability curve occurs at a higher 13"t"0 Pu soil concentration compared to the adult 
rancher and child scenarios. This difference reflects the differences i n  the dose conversion factors, 
and intake rates of contaminated media for the adult, child and infant. While the dose conversion 
factors are generally Iiiglier for infants, their contaminant intake rates (i.e.> breathing rate and 
food ingestion rates) are generally lower. At the IO% probability level, the 139+.2'0 Pu RSAL 
(including the  suni-of-ratios calculation) was S7 pCi 2-I. Individual plutonium isotope KSALs are 
given in Table I 1-6. 

Table 11-6. l'ercentiles from thc Distribution of Individual Plutonium Isotope RSALs for 
the RAC Infant of Rancher Scenario, 15 nireni dose limit (pCi g-') 

Pel-cen t I le An1-24 I PLI-?3S PU-239 PU-24O PU-2-I I Pu-242 
I % 13 45 6 6 46 6 
5 % I13 I12 49 50 443 52 
10% I s3 I20  95 99 792 9 0 
30% 2 -3 -7 I33 I36 I16 I020 I33 
90% 39s 5400 . 129- I19 I550 I35 
95 vi, 677 949 IO I42 11s 2453 14s 

Risk Assessment Corporation 
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L1.4.7 Scenario KAC-4 

Scenario proposed by: RAC Scenario name: Current site industrial worker 

Some key scenario parameters: 
S5 and 15 

Time on the site (h y-') 2 100 
Time indoors onsite (%) 40 
Breathing rate (in' y-I) 3700 
Soil ingestion (g y-') 50 
Irrigation water source not applicable 
Irrigation rate (ni y-l) not applicable 
Onsite drinking water source no 

IIOSC limit (nirem y-l) 

HSAI, prolmhility curve resulting from RAC calculations: 
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Figure 11-8. Probability of the total dose exceeding the 15 and S5 mrzin dose limits for the RAC 
site. industrial worker scenario. Total close includes the sum-of-ratios calculation for al l  plutonium 
isotopcs and their tlaughter products. This probability ciirve includes the iinpact of a fire 
cons idz red pro bab i I is t ica 1 1 y . 
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This scenario represents an adult who works at an industrial complex ;it the KFETS. Like the 
other scenarios, the probability curve shows two distinct slopes (Figure I I -S). For 2j9+i?J0P~~ 
concentrations less thai; - 150 pCi g-' (-850 pCi g-' for the S5 inrem'dose limit), the slope of the 
probabilily curve is shallow iind reflects doses from inhalation of -  resuspendcd dust (plant 
ingestion was not considered). For soil concentrations greater than 150 pCi g-' (850  pCi g-' for 
the 85 nirem dose limit), the slope of the probability curvt' exhibits 11 steeper slope arid is 
controlled by soil ingestion. The inflection point of this probability curve occurs at a higher 

Pu soil concentration compared to all other KAC scenarios because intake rates of 
contaminated niedia are stlbstantiillly less for this scenario. At the 10% probability level, the 
2'g+2'"Pu RSALs (including the sum-of-ratios calculationj were 92 pCi g-' at the 15 nmrn dose 
limit and 525 pCi g-' a t  thc S5' mrem dose limit. Individual plutonium isotope RSALs for an 85 
nirem dose limit are given in'Table I 1-7. 

339+240 

Table 11-7. Percentiles from the Distrihution of Individual Plutoniuni Isotope RSALs for 
the KAC Site Industrial Worker Scenario, 85 mreni dose limit (pCi g-l)' 

~~ 

Percent i le AIll-24 I Pu-23s PU-239 PLl-240 Pu-24 1 Pu-242 
I % I20 522  50 53 44 1 52 
5 7~ 560 I330 31; 3 24 2 IO5 323 
IO% I077 1617 626 650 3948 646 
50% 2250 I950 1690 I7 I O  9730 I770 
90% 4oso 2300C)O I SO0 I S I 0 15000 I s90 
95% 6527 smoo IS10 IS20 23890 I900 

"Tlle incli\.idual KSAL.s 1.01- the. I5 mrem dose liniir can be obtained by multiplying the 
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11.5 Scenario probability curves for Uranium 

Radionuclide soil action le\.els are presented for uranium isotopes ('"U, 23jU. and ?J) for 
three scenarios: the DOE/EPNCDPHE resident, the RAC rancher, and RAC child scenarios. The 
DOE/EPA/CDPHE resident scenario was chosen for comparison between our methodology and 
that of DOE/EPA/CDPHE. The rancher and child scenarios were chosen because they resulted i n  
the most restrictive RSALs for plutonium. The prairie fire was considered for the uranium but 
\\':IS found to be of little consequence because doses were dominated by groundwater, plant and 
soil ingestion, and ground exposure. 
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11 5. I Scenario DOE- 1 

Sceriario proposed by: DOE/EPA/CDPHE Scenario name: Resident 

Sonie key scenario parameters: 
15 and 85 
8400 

nose limit (nirein y-’) 
Time on the site (I1 p-I) 
Time indoors onsite (%) IO0 
Breathing rate (in’ y-I) 7000 
Soil ingestion (g y-l) 

Irrigation rate (in y-’> I 

7 0 
Irrigation water so iirce groundwater 

Onsite drinking water source no 

RSAI, proba1)ility curve resulting from RAC calculations: 

Figure 11-9. I’robability of the total dose esccedirig t l ie closc. limit for the I)OE/EPA/CDPHE 
1‘ . .’ . 2 ?I id c: I i L scz ti ;I r i c). Tot i i  I dosc i iic I udes a I I LI r;i t i  i 11 I 11 i sol o pcs a ncl I he i r d ;iu g I1 te I- 13 rod uc ts . 
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This scenario w a s  part of tlie original RSAL calculation (DOE/EPA/CDPHE 1996). Tlie 
RSALs presented here represent this same scenario calculated stochastically using the  
inethodology developed by RAC.  At the 10% level (90% probability that the dose l i m i t  would m t  
be exceededj, the "'U RSALs were -35 pCi g-' for the 15 nireiii dose l imi t  and -200 pCi g-' at 
the 85 mrem dose limit (Fizure 1 1-9). These RSALs iricorporated the sum-of-ratios calculation to 
include tlie other uraniuni isotopes. Percentiles of the individual RSALs without the sum-of-ratios 
calculation arc presented i n  Table I I -8. 

'Table 11-8. Percentiles from the Distribution of Individual Uranium Isotope KSALs for the 
DOEWPNCDPHE Resident Scenario (pCi g-') 

85 nirem dose liniit 15 inrem dose l i m i t  
Perccn t i I e U-234 u-235 u-23s u-234 u-235 U-238 

I% 263 137 284 46 24 50 
5 %  305 137 330 54 24 58 
10% 394 I37 425 69 24 75 
50% 7242 137 75 1 1278 24 133 
90% 7322 543 753 1292 96 I33 
95% 7336 7 12 759 I295 126 I34 

A significant diffcrence between the  DOE/EPA/CDPHE methodology and our inethodology 
\\';is i n  the area assigned to uranium contamination. Tlie DOE/EPA/CDPHE methodology 
assumed the a r m  of uraniiiin contarnination was the same as plutonium (40,000 in'). Our 
investigation indicated that uriiniuni contamination was not as widespread as plutonium and was 
mainly limited to Inst disposal areas or burn pits. We. therefore, treated the urariiuni 
contamination ;is ;I hot spot m d  restricted its area to 100 in'. As a result, the inhalation pathway 
\vas less important i n  our simulations than those of DOE/EPA/CDPHE. 

Probably of greater importance was the way tlie groundwater pathway was treated between 
the KAC aiid IlOE/EPA/CDPI-IE interpretations of this scenario. DOE/EPA/CDPHE did not 
account for the groundwater pathway and extracted doses for the year 2090. However, they 
allowed iiriiniuni to he leached from the ground surface at a rate proportionai to the background 
infiltration rate (0.3s m ?-I;) plus the irription rate ( 1  m >I-'). In our calculations, we let RESKAD 
calculate the masiiiiuni dose i n  the 1000-year time of compliance and extracted RSALs for that 
time. Tlic time of iiiasiniuni dose varied between years 2000 and 2500 depending on tlie 
contaniin;iiit travel times in the unsaturated and saturated zone. Uranium that migrated to the 
groundwater was  then used for irrigation, thereby contaminating edible plants (direct 
consumption of water \viis not considered). 

This section illustrates the RSALs using tlie resident scenario from DOEEPNCDPHE 
( 1  996) and the RAC methodology presented in this report. The pathways of concern are different 
because we included an evaluation of the groundwater pathway and a number of the input 
parameters have changed i n  our calculation. 
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' 1  1.5.2 Scenario &IC-1 

Scenario proposed by: RA C Scenario name: Resident rancher 

Some key scenario parameters: 
Dose litnil (mein y-l) 15 
Time on the site (11 y-I) 
Time indoors onsite (96) 60 

Soil ingestion (g y- ')  75 
Lrrigation water sourcc groundwater 

Onsite drinking water source groundwater 

S760 

I os00 Breathing rate (111~ y-I) 

trrigation rate (m y-l) I 

RSAL probal)ility curve resulting from RAC calculations: 

I- 
I Rancher Scenario lor Uranium 

'__  i - Water Off Water On _ - - _ -  

.{+- 
I 

I 
I 

Risk Assessment Corporation 
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Soil action levels were calculated for two cases: one that considered a viable groundwater 
p;ithway and t h e  other tliat assumed all water was derived from offsite sources. Differences 
between the RSALs with the water pathway on and off were substantial. When the water 
pathways are turned on, a I ni y-' irrigation rate was used and resulted i n  a substantial increase in 
the removal of radionuclides from surface soil via leaching. However, unlike plutonium, 
unsaturated zone transit times (the time ii takes radionuclides to travel from the contanunated 
zonc to the aquil'er) were typically were less than 500 years for uranium isotopes. Consequently, 
tlie dose as ii function 01' time typically had two peaks: one at  year 2000 (the start time of the 
simulation) and one aI'ter uranium reached t h e  water well in  the aquifer. At the 10% level (a 90% 
probability that the  15 inrem dose limit will no! be exceeded), the RSAL for zssU (including the 
sum-of-ratios calculation) with the water pathway 011 was 1 I pCi g-' ,  and the M A L  with the 
water ~xithway off was 80 pCi g-l (Figure I I -  IO). Percentiles of the individual RSALs without the 
sum-of-ratios calculation are presented in Table 11-9. Note that for the water pathway off, the 
IiSALs show little variance and are almost identical (with rounding) for all percentiles. The sum- 
of-ratios calculations incorporated uncertainty in the isotopic ratios, and that is reflected in  the 
\vater off curve i n  Figure 1 1 - I O .  

As shown i n  Figures 6- 1 and 6-2 in  the uranium methodology section, doses were dominated 
by water dependent pathways for '"U RSALs 4 0  pCi g-' w i t h  the water pathway on. With the 
water pathway off. doses were driven by ground exposure and plant ingestion. 

Table 1 L-9. Percentiles from the Distribution of Individual Uranium Isotope RSALs for thc 
KAC Kcsiclent Rancher Scenario (pCi g-') 

W:rter on Water off 
I'crcentlle u-234 U-235 u-23s u-234 U-235 u-23s 

1 %  I 6  I I  17 491 2 9 
5 % IS IS 19 49: 2s 134 
10% 21 22 23 494 28 134 
joc/c 50 1 25 134 497 2s I34 
90% 30 I 51 I34 499 2s I34 
95% 50 I 79 134 499 2s 134 
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11.5.3 Scenario IWC-2 

Scenario proposed by: K A C  Scenario name: Child of rancher ( I O  years old) 

Sonic key scenario parameters: 
Dose limit (rnrem y-I) 15 
Time on thc site (I1 y'.') 8760 
Time indoors onsite (96) 90 
Breathing rate (m3 y-') 8600 

Irrigation water source Groundwater 

Onsite drinking water source Groundwater 

Soil ingestion (g y-') 75 

Irrigation rate (ni y-l) . 1  

KSAL probability curve resulting from RAC calculations: 
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Figurc 1 1 - 1  1. Probability of the total dose exceeding the 15 inrem dose linlit for the RAC child of 
rancher scenario. Total dose includes all uriiniuin isotopes and heir  daughter products. 
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Soil action levels were calculated for two cases: one that considered a viable groundwater 
pathway and the other that assumed all water was derived from offsite sources. Differences 
between thz RSALs with the water pathway on and off were substantial. When the  water 
pathways are turned on, a I in y-' irrigation rate was applied to the soil surface and resulted i n  a 
substantial depletion of radionuclides from surface soil via leaching. However, unlike plutoniuin, 
unsaturated zone transit times (the time it  takes radionuclides to travel from the contaminated 
zone to the aquifer) were typically were less than 500 years for uranium isotopes. Consequently, 
the dose as a function of time typically had two peaks: one at year 2000 (the start time of the 
simulation) and one after uranium reached the water well in  the aquifer. At the 10% level (a 90% 
probability that the 15 mreni dose limit will tiol be exceeded), the RSAL for "*U (including the 
sum-of-ratios calculation) with the water pathway on was 9 pCi g-' and the RSAL with the water 
pathway off was 65 pCi g-'. Percentiles of the individual RSALs without the sum-of-ratios 
calculation are presented in Table I I - 10. 

Table 11-10. Percentiles froni the Distribution of Individual Uranium Isotope RSALs for 
the RAC Child of Rancher Scenario (pCi g-') 

Water On Water Off 
Percentile U-234 U-235 u-23s u-234 U-235 u-23s 

I 76 12 13 13 276 27 1 1  1 
5 %  14 14 15 276 27 I12  
10% 17 IS 19 276 27 I12 
50% 277 27 112 277 27 I12 
90% 27s 43 I12 278 27 I12 
95% 27s 63 I12 278 27 I I2 

A s  shown i n  Figures 6- I and 6-2 i n  the uranium methodology section, doses were dominated 
by watcr depcndcnt pathways for '"U RSALs <60 pCi g-' with the water pathway 011. With the  
water pathway off, doses were drivcn by ground exposure and plant ingestion. 



L2. DISCUSSION AND RECOMMENDATIONS FOR FURTHER RESEARCH 

Objectives of this prqject were a review of agency proposals for Rocky Flats site 
remediation and an independent calculation of radionuclide soil action levels for the site. In 
addition to meeting the contractual requirements, we have developed methods to answer the 
questions implied not only by applicable regulatory limits but also by the environmental models 
and exposure scenarios proposed by DOE (DOE/EPA/CDPHE 1996). We have extended the 
proposed methods in the following ways: 

I .  Accounting for the large spatial heterogeneity of plutonium and related radionuclide 
concentrations on and near the Rocky Flats site. 

2. Quantifying uncertainty in the  environmental models and expressing the radionuclide soil 
action levels i n  ways that reflect this uncertainty (e.g., the curves that express the 
probability of exceeding the dose limit as a function of soil concentration of 239+240 Pu). To 
the extent possible, the uncertainty distributions are based on site-specific data. 

3 .  Considering exposure scenarios that provide greater exposure opportunity than the ones 
proposed by DOE, such as the rancher who uses the eastern portion of the site. 

4. I.ncluding the possible occurrence of a large grass fire sometime within the required 
IOOO-year temporal scope of the assessment. By removing vegetation from a significant 
fraction of the niost contaminated region of the sile, such ii fire would enhance 
resuspension 01' soil-resident radionuclides and make them available for inhalation to 
people both on- and off-site. 

We havc iniplemer~~ecl these extensions to the extent possible within our time and resources. 
Our bclicf is that the inforination developed i n  this report makes ;I strong case for an assessment 
bused on these extensions and gives ;I good indication of what the results would be. Our principal 
recoinmendation is that the work described in this report be strengthened by further research and 
acquisition of data that could remedy some of the unavoidable limitations. Such research could 
change the values of the reported RSALs to some degree, and thus we present these numbers a s  
the product of a recommended niethodology rather than as final recomincndations i n  their own 
Ijcli~. W e  beli acli we hiive developed is sound, and we, recommend that it be adopted 

. and built upon i n  \ 
- c = _ = - _  ~ . - 

. -. .._ -~ ~~~ 

12. I Heterogeneity of Plutonium Concentrations 

l-leterogeneity of plutonium concentrations i n  soil on and near the Rocky Flats site is 
represented by an interpolating model based on fitted power functions in 16 radial sectors 
centerecf at the 903 pad. The model was fitted to data from three compilations (Section 4). By ils 
riiitiiw, the model is solliewhat crude and might be better repliiced by a smoothing model based on 
;I kriging scheme or other smoothing interpolation. However, before such a. revision is 
unclcrtaken. we suggest ;I careful review of all relevant soil data for plutonium, particularly those 
data for which publishcd documentation is scant or nonexistent. For example, we used some data 
that were extracted from ;in iindocumented file that M.I. Litaor deposited with the Colorado 
Ilqartment of Public Health and Environment. Lt might bc possible to recover information about 
t h e  data From IIFEIZTS archives and to adapt nctctitional datu from this file for use i n  
cliarxterizing the spatial distribution. Published information of Litaoi- et al. (1995) makes 

Risk Assessment Corporation 
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extensive use of these data, together with a kriging method, but the paper indicates that no 
attempt \vas made to adjust all data to a common basis (sampling depth and time of sampling). 
We were able to perform the  sampling depth adjustment using the work of Webb et al. (1997), 
but we could not pursue adjustments based on time of sampling. We would like to see a careful 
analysis of the aggregate of soil data and the fitting of an interpolation model that provides 
smoothing at the most appropriate scale. We would also be interested in  efforts to characterize a 

Pu depth profile over time (I 969-mid 1990s). We believe our model is adequate, generic 
given the limited amount of data analysis t h a t  was possible, but it  could be improved. 

239+2JO 

12.2 Uncertainty 

RAC strongly recornmends the incorporation of uncertainty analysis into environnieiital 
assessments. We consider uncertainty a fundamental part of the modeling process and not an add- 
on. Uncertainties i n  model parameters are represented as probability distributions, which are 
propagated through the model calculations (usually by Monte Carlo methodsj to output 
quantities, such as predicted concentrations i n  air or food, and to dose and risk. 

In performing uncertainty analysis, &IC emphasizes the following principles: 

A. 

B. 

C. 

Uncertainties are represented by distributions of probability. The distributions may 
apply to single (scalar) numeric variables (the most commonly discussed case) or jointly 
to multiple variables that may be either stochastically independent or dependent, 
depending on the interpretation. The distributions can be communicated and explained 
by various quantitative and graphic devices, such as giving certain percentiles (311, 50th, 
95th) and by showing plotted scatter charts and histograms. Such devices need to be 
chosen and presented with the background of the audience i n  mind. 
KAC generally recommends that calculations riot be deliberately biased high to 
compensate for lack of knowledge. Rather, analysts should do their best to keep their 
procedures free of bias. Conservatism, when warranted, should be expressed by 
increasing t h e  variance of a quantity's uncertainty distribution while keeping its "center" 
(e.:.., 50th percentile) fixed. (The variance is a measure of a distribution's spread or 
dispersion. The variance is inversely related to the precision with which the quantity is 
known: if  the variance is large, the quantity is known with low precision.) An exception 
to this general principle occurs in  dealing with quantities that are unlikely to aflect the 
outcome of a calciilation to a significant degree, i n  which case the quantities i n  question 
niay be judiciously biased high. 
Uncertainties for input variables may be estimated from sample distributions of data, 
from' analytic considerations (e.g., physical arguments that establish bounds for the 
quantity),. by analogy with similar or related quantities, or by seeking consensus of 
experts. Sometimes nonrigorous arguments based on weight of evidence are persuasive, 
but when they are offered, they must be acknowledged as such. In doubtful cases, the 
sensitivity of the outcome to the questioned parameter should be examined; i f  there is 
little effect, excessive concern may be unjustified. If there is significant effect. the 
variance of the uncertainty distribution of the parameter should be increased to a point 
where there is little doubt that the distribution includes all values applicable. [Note: This 
statement is strictly applicable only to distributions of random variables with bounded 
range, such as uniform or log-uniform. In the case of unbounded ranges. the suhjective 
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criterion would have to be put i n  terms of a high percentile of the distribution.] If such a 
point cannot be agreed upon, or if  the affect on the outcome is so great as to render it 
virtirally rneaningless, then further research must be undertaken or alternative simulation 
strategies must be sought. 

D. Results usually should not be presented as point estimates (Le., single “hard” numbers, 
such as 2.7 pCi g-I). The desired estimate of the quantity is a distribution, and 
unambiguous and sufficient information about it  should be disclosed (e.g., 5th, 50th, and 
95th percentiles; less desirable for nonsyinmetric distributions are mean and standard 
de vi at ion ) . 

E. Explanations should be framed to avoid misunderstandings about the interpretation of 
state men t s in vol vi ng pro ba bi 1 i t  y . 

It is important to clarify the scope of applicability that RAC has assumed for uncertainty 
analysis in this project. When environmental data are considered a sample from population or 
universe of possible results, the data are treated by conventional statistical methods for making 
inferences about the source population. The results’ may be used to postulate distributions for 
parameters in models of environmental processes. In this sense, the environmental data and the 
natural processes that affect them are treated as uncertain. On the other hand, we do not usually 
treat scenario parameters (e.g., the breathing rate or dietary habits of a subject) as being uncertain. 
This dichotomy has been challcnged by reviewers of draft project reports. We offer here a more 
complete explanation than we have given i n  the past, i n  the hope that readers will be able to 
consider our reasons i n  their entirety.. 

The environrnental models and paramcters represent something that we do not control. For 
rhc: most part, this ”something” is the natural environment (or a very restricted part of it); but i t  
can also includc anthropogenic processes siich as a source term. The models represent this 
environment as a systcni of state variables, including thosc that stand for concentrations of 
radionuclides in soil, air, and so on. We attempt to estimate the past or predict the future of this 
system, and IO quantify uncertainties about those estimates or predictions (generally we say 
“predict” i i r  cither case). The representations of uncertainty are themselves models, and their 
ii p p I i ca t i on i n c 1 cide s s ti bj ec t i vi  t y . 

narios for radiation protection, on the other hand, are under our explicit control. They 
ses that  Ge set; -th&ir’ subjects m e  -not -.real. p o p l e ,  They- provide a means of 

constructing criteria for interpreting the predicted (or measured) radionuclidc levels in  

environmental nnedia. Prospective calculations that we perform are really about the environmental 
media. But they are expressed i n  terms of dose or risk to a scenario subject to place them on a 
more meaningful (and lower-di mensional) scale. 

Probability distributions associated with the environment, which we do not control but which 
we must soinchow simulate, are of a different. character from distributions associated with 
variability within populations from which a sccnkio subject is imagined to have been drawn. It 
seems LO us generally confusin_r, and possibly misleading, to mix the two kinds of probabilities 
together i n  order to makc uncertainty statements about exceeding dose limits. It seems to us much 
clearer to choose our scenario siib.jects with fixed numeric properties (breathing rates, dietary 
habits, and behavioral characteristics) that would be protective of a reasonable fraction of the 
poptilation from which we iissumt‘ the subjects come. If multiple properties are involved, then we 
obviously cannot sct them all ;it the 95th percentile and assert that we are conservative for only 

=..- - -  ~ .- - . .  . -  ~ - . -  
;1 . ~ .  - - _- ~- .~ ~ ~- 
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93% of the population. But we do believe that they should be set to fixed values, i n  such a way as 
to define the subject as being credibly protective of a11 acceptable proportion of the population. 
Certainly, it is always reasonable to review an assessment as a whole and ask whether too much 
conservatism might have been introduced. But care has to be taken in doing so. 

Note that when a millennium is the time domain of a prospective study (as is the case for this 
project), the scenario becomes a succession of hypothetical individuals, all having similar 
location and characteristics, but with their exposure environment evolving from generation to 
generation. If one were to treat the scenario subjects statistically, would successive generations be 
stochastically independent with respect to their physical and behavioral properties? Or would one 
consider autocorrelations, to account for family traits in different generations? Or would we 
sample one set of properties at each Monte Carlo realization and apply them equally to all 
generations? Many questions of this lund can be raised to illustrate the conceptual problems that 
arise when one ventures down the path of “realism” expected from treating scenario subjects as 
samples from real populations. 

Finally, i t  nught be helpful to the reader to contrast the’situation described above, for 
prospective assessments, to retrospective studies such as dose reconstructions. If a risk analysis is 
carried out for such a study, the affected populations are real, and distributions of properties of 
those populations can (at least in  principle) be estimated (e.g., by Census statistics and sampling 
surveys). We can then quite reasonably consider these distributions as part of  the total uncertainty 
in the risk estimate and combine them with distributions of concentrations in exposure media. 
The outcome, for example, might be the number of health effects that would be predicted to result 
from the collective exposure under study. This number is uncertain, not only because of our 
unceflain predictions of environmental concentrations, but also because of variability w i t h i n  the 
affected population with respect to our detcrrnination of the relevant properties (e.g., breathing 
rates, diet, proximity to contaminated media). In a retrospective study, we do not have the luxury 
of defining a hypothetical individual whose properties suffice to protect most peoplc who miyltf  
bc exposed. The purpose of a dose reconstruction is not to protect anyone, but rather to study 
potential or realized effects of what has already happened. 

RAC recommends that uncertainty analysis be retained in applications 01‘ the methodology 
described i n  this report, and that it  conform to the spirit of principles A-E above. 

12.3 Scenarios 

RAC has made calculations for scenarios other than those discussed i n  DOE/EPA/CDPHE 
1997. It is not our purpose to recommend that particular scenarios be adopted for calculating the 
RSALs that govern the cleanup of the Rocky Flats site. The question of final determination of 
scenarios is closely related to discussions and decisions about the subsequent use of the land and 
the durability of any institutional controls that might be proposed. Such matters have a political 
component that is beyond our scope. 

We have recommended by our example. however, that additional scenarios be explored and 
considered i n  the discussions by the community and the decision-makers. The details of these 
scenarios are given in our Task 3 report (Amenson et al. 1999). Generally. the scenarios explore 
broader opportunities for exposure than the ones proposed by the agencies. The K/t C Rancher 
scenarios are very much in the tradition of regulatory radiological assessment practice. I t  is partly 
for this reason that we have emphasized them in this report. But we encourage all interested 
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parties to consider other exposure scenarios and variants that are deemed relevant to anticipated 
long-term use of the land. 

12.4 Future Grass Fire 

The question of the possible effects of a future wild fire has inspired considerable discussion 
during the completion of Task 5 .  In the stochastic fire model described i n  this report, the 
magnitude of the effect depends critically on a highly uncertain parameter, namely the 
resuspension flux for the  large devegetated area following a fire. Generically, we have taken the 
median ratio of the flux from a completely devegetated area of lo7 m?- divided by the 
corresponding flux from the same normally vegetated region to be 200 (Section 5) .  We have 
reduced this ratio by multiplying it by stochastically modeled mitigating factors based on size of 
the burn area, distance of the fire from the subjects, and time of regrowth. The baseline value of 
200 could suggest too much importance for a future fire, but it could also understate the effect. 
We recommend additional research to try to find useful data from applicable studies that could 
reduce the uncertainty in this parameter. It may be that some new field measurements above 
recently burned areas i n  the Front Range region could be supported, but relatively large areas 
would likely be mot-e useful than small experimental tracts. If such measurements are undertaken, 
they should include monitoring of meteorological variables together with. fluxes and air 
concentrations with particle size distributions. . 

The effect of future periods of drought on the probability of a fire i n  a specified year is a 

question we have not bceii able to consider explicitly, but this probability could be an important 
parameter in the stochastic fire model. Periods of drought or greater rainfall could accompany 
future climate change. Vegetation could take more than one year to recover if  a fire occurred 
during ;in extended drought, and the frequency and size of fires would be greater. A recovery time 
larger than one year would not affect an RSAL calculation based on a maximum annual dose 
criterion, but i t  could be significant for a limiting criterion based on lifetime risk resulting from 
the total lifetime exposure of a scenario subject. Some additional computer studies could give a 
better sense of the sensitivity of RSALs to the assumptions under the different limiting criteria. 

An aspect of the fire that. we have had to neglect is the effect of contaminated smoke 
particles=on-people-who might ha>/e breatJe4 thein_ at the time of burning. This is a n  important 
unanswered question, for which the most importa 
Little 1983). However, to attempt it would have required a more elaborate scenario structure, and 
i t  is not clear just how the analysis would have fitted into the RSAL scheme. Some modifications 
of our dispersion model would also have been requircd. These difficulties can undoubtedly be 
worked out, but we regrettably have to leave this important question for now as a 
recommendation. 

-- - ~ -~ 
~ ~ ~- - .- ~ 
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1.2.5 Other Recommendations 

12.5. I. Groundwater pathway 

Inclusion of the groundwater pathway has a small effect on the simulation results for 
plutonium isotopes. ItAC’s analysis for Task 3 (Aanenson et al. 1999) indicated that thc soil- 
water equilibrium distribution coefficients ( K d )  for plutonium and amcriciuni were large. These 
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large magnitudes indicate that transport of these elements from the surface soil through to the 
groundwater aquifer is slow, with very little material reaching the aquifer within the 1000-year 
temporal scope of the assessment. Thus, very little of the plutonium and americium from the 
surface soil reaches the scenario subjects by way of the groundwater pathway. 

However, we stress that the groundwater pathway is complex, whereas its trcatinent within 
RESKAD is simplistic and may not adequately represent the contamination of groundwater over 
time. Specifically, colloidal transport and oxidation-reduction reactions under anaerobic 
conditions have been postulated as processes that can significantly enhance the mobility of 
plutonium (see Appendix B, "Alternative Groundwater Dose Calculations"). Future research into 
vadose zone transport processes at Rocky Flats or new information about plutonium geochemistry 
and site-specific distribution coefficients could affect these results and should be taken into 
account i n  any future dose assessment. In the event that contaminants are found to move more 
rapidly through the vadose zone into groundwater, we believe the effect on thc calculated 
plutonium isotope RSALs would still be sinall. Rapid transport by way of groundwater pathways 
would imply faster depletion of surface contamination, and the increase i n  groundwater 
concentration would likely be offset by the diminished surface soil concentration. Therefore, 
although changes in estimated groundwater transport of radionuclides may occur as better 
information is developed, we believe these changes will likely be insufficient to cause the dosc 
limit to be exceeded. 

In the case of uranium isotopes, RSALs tend to be more sensitive to thc groiindwatcr 
pathway, and i n  fact, they control the RSAL at the 10% probability level. Again, we recommend 
additional research into the mobility of uranium at h e  RFETS, coupled with environmental 
monitoring of groundwater for uranium isotopes. 

12.5.2 Probability level for exceeding the dose limit 

We have presented results for each scenario and annual dose limit as a plot ofthe probability 
of exceeding the dose limit, expressed as a function of 23pf2'0P~~ (or "'U) soil coiicentration. Thc 
radionuclide soil action level can be obtained from such a plot as the concentratioii that 
corresponds to a specified probability level. We have shown RSALs corresponding to ;I 10% 
probability of exceeding the annual dose limit, and this value is consistent with EPA guidance for 
CERCLA cleanup activities at Superfund sites. The following quotations (which were pointed out 
by a reviewer of the draft Task 5 report) indicate the nature of this guidance: 

*'...actions at Superfund sites should be based on an estimate of the reasonable 
maxiinum exposure (RME) expected to occur under both current arid future  land use 
conditions. The reasonable maximum exposure is defined here as the hizhest exposure 
that is reasonably expected to occur at the site.. ." (Risk  Assessiiieiif G u i h i c e  ./or 
Siipct.-fiitiCI, Voliittze 1. Hiit i iai i  Health Evahntion h4anuni (Part A )  Intcriiii Final, EPA- 
502/ 1-88-020.) 

"The high-end of the risk distribution is, conccptiially, above the 90th percentile of 
the actual (either measured of estimated) distribution. The conceptual ranze is not 
meant to precisely define the limits of this descriptor, but should be usztl carefully by 
the assessor as a target range for characterizing 'high-end' risk." ("Guiclancr 011 Risk 
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Characterization for Risk Managers and Risk Assessors,” Memo from Henry Habicht 
11, Deputy Administrator, EP.4, to Assistant Administrators and Regional 
Administrators, Febuary 26, 1992).” 

The use of 5% or 10% as a default measure of relative smallness is coininon i n  scientific 
practice. As one may see from nearly any statistics textbook, 90% confidence intervals are 
typically derived, and tests of hypothesis usually seek to reject the null hypothesis at the 5% level. 
Therc are, of course, circumstances that indicate more (or sometimes less) stringent criteria. 

KAC recommends that a 10% criterion be applied to estimating RSALs from the probability 
curves given for each scenario and dose limit. 

12.5.3 Applicable dose limits 

Annual dose limits of 15 nireni year-’ (unrestricted use) and 85 mrem year-’ (restricted use) 
were specified in  the contract, and RAC is required to provide RSAL estimates for both levels. 
However, we believe that the inclusion of 85 inrem year-’ standard in future discussions should 
be reconsidered by DOE and the oversight panel. This dose limit appears to be inappropriate for 
future uses of this site within current regulatory guidance. A reviewer of the draft reports for 
Tasks 2 and 5 of this project provided the following background, which is part of the document 
review record, and we quote it here because of its importance: 

“The 85 mreni/y dose criterion was proposed by EPA as a supplementary upper 
bound on the possible exposure of individuals in order to assure a minimum level of 
protection in the eVent of iitiurzlicipnted failure of institutional controls, not as an 
alternative dose limit. Further, such failure was expected normally to be of short 
duration, because i t  was assumed to be corrected when identified. The criterion was not 
intended lor application to planned long-term uses when institutional controls are 
assumed (i.e. plmied) to no longer exist (as i n  the three DOE scenarios noted above) 
and it WCI.S cerluirzly never- ititerzded for use as  CI occriyatiotial standard, as it is used i n  
the RAC-4 scenario. The Superfund does not recognize different risk (or. dose) criteria 

- -= ~~~ = - ~ = ~ . . 1o.I indcvi_duals exposed as workers vs. other members of the public after a site has been 
cleaned up. The only way an increased ;dose to;a’worker  over that-permitted- any? 
meniber of the public would be permissible is for the situation i n  which the worker is 
exposed to be the result of licensees activities involving radiation as a part of the work 
product. Of course, at an industrial site, i t  is appropriate to take account of the 
decreased residency of a worker, as was done i n  scenario RAC-4. However, tlie dose 
criterion that shoillrl~be cipplied irz RAC-4 is I5 r w e t d y ,  not 85 nirendy. We note that. 
i n  t h e  current directive under which EPA regulates. radiation cleanups (OSWER 
Directive No. ml0.4-  18; August 1997), the S 5  mrendy criterion has been dropped 
entirely, since i t  is assumed to be unnecessary. . . . 

-1 ~ ~ - ~- . ~ -  
~ ~ - *  ~ - . -  .- ~ 

- ~ ~~ 
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... . . the viability of any industrial scenario depends 011 t h e  guaranteed continued 
et’fectiveness of iiktitutional control. It remains not obvious to this reviewer that either 
the coniinitnients or assurance of effectivcncss for the necessary institutional control 
exist. The DOE report [DOEIEPNCDPHE 19971 depends on the “Rocky Flats Vision” 
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for assurance of such control. This document was not available for review. However, 21 

"vision" is not a legal commitment, and the discussion of near and immediate term land 
uses and, more significantly, the absence of any discussion of long-term land use (e.g. 
i n  the last paragraph on p. 6- 15 of the  DOE report) creates the impression that the state 
of commitnients for and assurancc of effectiveness of institutional controls i n  the future 
is very uncertain. i f  the lead agency (DOE), State, and local officials cannot provide 
reasonable assurance of maintaining effective institutional control for 1000 years, then 
consideration would have to be given to cleanup of the site to 15 m r e d y  under 
scenarios that do not depend on the presence of such control. . . .'* 

KAC recommends that the relevance of the  85 mrem year-' standard be reconsidered i n  the 
light of contemporary regulatory guidance and contemplated uses of the Rocky Flats site. 

12.5.4 Alternate RSAL calculation method 

Section 7 describes an alternative calculation method for plutonium RSALs for the Rocky 
Flats site. This method is labor intensive and difficult to automate; otherwise, we would likely 
have developed i t  for priinary use in the KSAL calculations for this report. It has the advantage of 
a simple interpretation that ties the RSAL directly to the modeled remediation strategy, and i t  
takes into account 139+2'"Pi~ soil concentration as a function of location. The extended surn-of- 
ralios method used for most of the report depends priiicipally on the plutonium air-to-soil 
concentration ratio, a fact that can create confusion for tlie interpretation of the KSALs. M'c Iiavt: 
applied the alternate method to the RAC Rancher scenario and have found t h a t  i t  produces 
comparable RSALs for that scenario whe.n tlie receptor is placed on the site. Howe\,sr. whcn tlic 
receptor for the same scenario is located just east of Indiana Street, the result of the alternarive 
calculation indicates that no remediation would be required to meet the 15 mrem year-'  dosc 
limit. The alternate method is more explicit than tlie extended sum-of-ratios methocl. and its 
interpretation is straightforward. RAC recommends Lhat this method be developcd f'urihcr l b r  
supplementary (or possibly principal) use i n  any further scenario analyses or I'uture close 
assess tnent. 

12.5.5 Lifetime risk criterion for RSALs 

Some reviewers of the draft Task 5 report questioned the use of a maximum aiinu:il dose 
criterion for limiting radionuclide soil concentrations, suggesting that to proceccl dirzctly l.Ioii~ ii 
lifetime risk criterion would be preferable. In calculating RSALs. RAC \vas constraiiwt by 
contractual agreements to apply 15 mrem maximum annual dose limits for. scenarios iii\.olviiig 
full public access to the site, (Elsewhere in this section. we recommend that elimination ol' rlic 85 
m e m  annual limit be considered.) But we are open to the view that such ;L risk-based approach 
might be appropriate. 

The recent Federal Guidance Report I3 (Eckerman et al. 1999) provides lifctinic risk-per- 
unit-exposure factors for the relevant pathways that woLild facilitate an approach based on direct 
lifetime risk limitation, which as a technical matter could be carried out with soiiie madilication 
of the scripts we have used for the calculations reported here. However, there. :ire sc'rious 
questions about the role of uncertainty i n  the results when uncertainty for risk coefficitliits is 
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greater than that for dose coefficients. In the present work, dose coefficients (dose conversion 
factors) have been treated as scenario parameters, and accordingly as fixed quantities. The risk 
coefficients could be treated similarly, leaving the results conditional given the values of the risk 
coefficients and subject to interpretation i n  the light of what is known about the uncertainties in 
these parameters. It is also possible that the uncertainties in dose and risk coefficients could point 
to more conservative RSALs than the ones we have estimated. KAC recoininends that this 
question receive further study as the cleanup of the Rocky Flats site is discussed. 

Risk Assessment Corporation 
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13. CONCLUSIONS 

The primary objective of this project has been to review radionuclide soil action levels 
(RSALs) adopted by the Department of Energy, the Environmental Protection Agency, and the 
Colorado Department of Health and Environment in  1996 for cleanup at the Rocky Flats 
Environmental Technology Site (DOE/EPA/CDPHE 1996). Another objective has been to 
recommend a technical approach for independently deriving RSALs for the site. We applied this 
approach to the Rocky Flats data using the most restrictive exposure scenarios .approved by the 
Oversight Panel and assunung a 10% probability that the 15 mrem per year dose limit will be 
exceeded (Le. a 90% probability that the dose limit will not be exceeded). Using this approach, 
the technically derived RSAL for 239+2aPu in soil at Rocky Flats would be 35 pCi g-'. This 
calculation was corroborated by an alternate method calculation that also resulted in an RSAL at 
the 10% level of about 37 pCi g-', suggesting 35 pCi g-' as a technically based RSAL for the 
Rocky Flats site. The results as presented are a reasonable indication of RSAL magnitudes based 
on purely scientific considerations if the prescribed dose is not to be exceeded. 

The calculation of uranium RSALs was done somewhat differently than those for plutonium 
because of significant differences in the nature and extent of contamination and the mobility of 
uranium in the subsurface. For each uranium scenario, consideration was given to whether 
groundwater was a viable pathway. A viable groundwater pathway assumed that the surficial 
aquifer underlying the site would provide enough water for human consumption and ir-rigation. 
The impacts of a probabilistic fire were also evaluated but inclusion of this  process in our 
calculations made little difference in the resulting RSALs. Assuming the goundwater palhway 
was viable and a 10% probability, the technically derived 23sU RSAL for the most restrictive 
scenario (the rancher child) was 10 pCi g-'. 

We believe the general approaches presented in this report and these results are sound and 
we recommend their adoption. Data limitations impose uncertainties on estimates of doses, m d  
we have been careful to indicate these uncertainties i n  our analysis. The project's time and budget 
goals precluded a more in-depth investigation of several important areas of research that, i f  
addressed in the future, could strengthen this analysis. We have presented these recommendations 
for further research and recognize that they could change these results somewhat and iinprovc 

- ~ . ~. 
.~ 
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Our methodology is based on several extensions 
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an earlier approach $ol%sZd ~ 6 ~ : ~  ~ 

DOE/EPA/CDPHE ( 1996) that used the RESRAD computer program. Thc contract required that 
the work consider maximum annual dose limits of 15 and 85 nuem i n  any year over the next 1000 
years. We adopted the 15 mrem per year limit for a technically based RSAL because i t  is more 
protective of the public and because our evaluation of risk associated with this dose better 
corresponds to the target level of risk associated with federal guidance (e.g. CERCLA). Although 
we considered several computer codes to use as the basis of our analysis, the RESRAD code wi~s 
adopted because i t  was the most practical choice and because we were required to make 
calculations with RESRAD i n  addition to any other code that may have been selected. Thcrelbre. 
wc designed extensions to RESRAD to include (1) consideration of the heterogeiieity of 
radionuclidc concentrations in  soil around the site, (2) quantifying uncertainty in predictions of' 
dose, ( 3 )  consideration of additional cxposiire scenarios, and (4) treating the possible occurrence 
of a large grass fire. 
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Other factors beyond the scope of this work should be considered i n  the selection of cleanup 
strategies for Rocky Flats. The soil action level that is applicd for cleanup should be decided by 
federal and state authorities and the  community working together to arrive at ii cleanup level that 
provides long term protection of the public. Figure 13-1 shows probability curves for the most 
restrictive scenarios. This figure broadly suniinarizes the results of our work. Parties involved in 
the decision process might find the figure useful in their deliberations keeping i n  mind the 
different exposure scenarios represented by the curves and the uncertainties involved. 
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Figure 13-1. Composite graphic illustratinz the most restrictive scenarios arid slinu:iiig ;I region 
centered at a soil action level of 35 pCi 2-l. Curve A represents the rancher iind assumes that a 
fire occurs wi th  a probability of 1; curve B represents the ranchcr scenario and rakes iiiio account 
the occurrence of a Cire as a probabilistic event; curve C represents thc child scenario and. like 
curve B, incorporates the probability of :I fire. 

There are several features illustrated i n  this figuri: t h a t  ;ire importiiiit to note. Curve A. 
defined by the rancher scenario and with the probabilit!. ot  a fire i::q~iaI to one: likely represents 
the most conservative set of assumptions ;ind hence the most restrictive radioriuclidz soil action 
level. We say “likely” bccause further rescarch into the irnpicts 01‘ ;I prairic fire could show that 
we have underestimated the effects of the fire. Cur\e R rcpresenrs the rancher and i~icorporates a 
stochastic model of ;I future fire. With our assumptiori o i  ;I IO% probability o f  rsczecling the dose 
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limit, this curve yields a soil action level of about 35 pCi g-' (the exact value is 33 pCi g-I). . 
Toward the left of the curve, the shape and slope are controlled primarily by inhalation and the 
probability of occurrence and extent of a fire. However, as the soil concentration o f  239+2'0Pu 
increases, the contribution to dose from ingestion becomes more prominent, and tlie slope is more 
influenced by this pathway. Curve C is that of the rancher's child w i t h  the stochastic fire model 
included. This curve is quite similar to that of the rancher with the stochastic fire model but the 
curve indicates this scenario is not as protective as the rancher scenarios in the region of lower 
RSAL concentrations. At higher RSAL concentrations, however, this curve becomes more 
protective than that of the rancher because the ingestion pathway becomes more influential. The 
steepness of the curve reflects less uncertainty in the calculation. The rancher scenario with the 
probabilistic fire is our basis for selecting an KSAL at the 10% probability level. 

To give a better visualization of our results, we have underlain Figure 13-1 with a spectrum 
that expands in both directions around 35 pCi g-' which is about where the rancher and child of 
the rancher curves intersect the 10% probability level. Colors are darker near the center of the 
spectruin and lighter farther out. It is important to understand that curves A, B, and C are based 
on a sum-of-ratios calculation that incorporates the contribution to dose from other radionuclides 
present in  the soil in addition to 239+240Pu. The graphic suggests a technically based RSAL of 
about 35 pCi g-' at the 10% probability level and a range of possible RSALs i n  both directions 
centered at this value. Although there is no quantitative basis for the boundaries of this range, i t  
is apparent that going too far i n  either direction from the center of the spectrum can potentially be 
problematic for a variety of reasons. Radionuclide soil action levels that are significantly lower 
may correspond to unrealistically conservative sccnario descriptions, which could lead to 
significantly greater cleanup costs than can be justified. On the other hand, RSALs that are 
significantly larger lead to ;I high probability of exceeding the prescribed dose l imi t  and could 
impact human health. It is especially important to understand that the calculation based on rhs 
child scenario and influenced primarily by soil ingestion is scientifically well supported. It is 
unlikely to change greatly unless values for important parameters change, such as the dose 
conversion factors or the soil ingestion rate. Therefore, curve C effectively represents an upper 
bound for the RSAL. If the soil action level were too closz to this curve, the probability of 
.exceeding the dose limit is greatly increased. 

We also developed an alternate method for calculating acceptable levels of radionuclides in 
soi l~.-This inethod was-base 
( i t . ,  cleanup) levels. The remediation level that resulted i n  a 10% probability that thc 15 mrem 
dose limit would be exceeded defined the RSAL. This method more explicitly addresses the 
heterogeneity of the site and makes it  possible to estimate RSALs that correspond more directly 
to a remediation strategy than does the sum-of-ratios technique used with RESRAD. The 
approach is more difficult to implement and therefore has not been ful ly  automated i i i  the 
analysis. However, because i t  is more explicit, it. is ;I useful check on the sum-of-ratios method. 
and we include its results i n  these conclusions. This alternate calculation resultcd in  an RSAL at 

the 10% level of about 37 pCi g-I, suggesting the vnluz of 35 pCi g- should be strongly 
considcred as a technically based RSAL for the Rocky Flats sitc. 

Our analysis is based on the bcsr available data and methods tlitit we could employ. During 
tlie coursc of' our work, we have identified important rcscarch that  should be complctecl in  order 
to strengthen our methodology. In addition, changes i n  the dssign specifications or scenario 
assumptions on which this methodology is based would change the results accordingly. This 
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flexibility is quite important to keep i n  mind because a number of issues that could affect thesc 
results have been raised during the course of our work. 

While our methodology and the resulting RSAL values arc scientifically defensihle ancl ;ire 
based on sound science, RAC believes that additional work could reduce sonie of the  uncertainties 
and refine the RSALs. There were specific areas where more inl‘ormation or niore organized 
research and scientific inquiry would have allowed us to make better estimates of parameiers or 
to devclop more well-defined methods i n  our approach. Foremost among these are data that 
quantify the impact of a prairie fire on the land now occupied by the Rocky Flats site and the data 
from the Actinide Migration Evaluation studies. Other important areas include: 

effect of prairie fires on the resuspension of material 
time sequence of revegetation following a natural event like a fire 
more realism in the resuspension model for RESRAD 
developing a methodology to estimate the effects OF combined exposure to both the 
uranium hotspots and the widespread plutonium contamination at Rocky Flats 
construction of a computer-implemented model of the Rocky Flats to pernit flexibility i n  
analyzing different radionuclides, sources, and pathways 
groundwater transport properties at Rocky Flats 
new discoveries about site-specific distribution coefficients 
potential for accumulation of actinides on offsite lands and water rcsources 
protection from violation of the Rocky Flats Cleanup Agrcenient (RFCA) surfrice water 
standards for plutonium. 

sound tech n ica I fo Linda t ion ancl c red i b le sc ie t i  ti fi c I ne thoclolog y ;ire t he ~ O S  t i mponan t 
elements i n  setting soil action levels for Itocky Flats site. However, tlic f ina l  clxision on setting 
the RSALs ultimately lies i n  the hands of the stakeholders, DOE. and other State and federal 
authorities. There are other criteria tha t  intluencc tlic clecision-riinkiiig process tor the liocky Flats 
sitz, such ;IS the cost of cleanup, protection of ecological resources, iincl comniuiiity i,alues. The 
approach to cleanup that is ultimately implemeiited by the DOE a t  the RFETS will involve many 
political, social, econoinic, and nioral decisions. I t  is imperative tha t  all involved i n  the decision 
process recognize these lactors and‘ the integration of ideas that must go into niakiiig ;I decision of 
t t i  i s type. 

RAC’s task \vas to evaluate the RSALs aclopted for Rocky Flats i n  1996, to develop :I 

methodology for independently determining IIS.4Ls. and to calculatiiig KSAl-s for Rocky Flats 
by applying this methodology. We conclude that  applyin2 our method to the exposure scenarios 
approved by the Oversight Panel, using 15 inrem as a dose limit, ancl :issumin:. ;I probability level 
of I O % ,  indicates a technically based RSAL for -- Pu in soil at  Rocky Flats of 35 pCi 2-I. For 
uraniLim, ;I technically derived RSAL usiiig our iwthodology and assumptioiis ~vould bc I O  pCi 
cr-1 

’ {Q+?4il 
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APPENDIX A 

COMPUTATIONAL DETAILS 

This appendix illustrates how RESRAD was used in conjunction with PERL script files to 
perform Monte Carlo simulation for the radionuclide soil action levels. In the calculations we 
performed. we bypassed the graphical user interface provided in the RESRAD distribution files 
and instead wrote RESRAD input files and executed the main computational unit of RESRAD 
(RESMAIN3) from the PERL script. The primary functions of the PERL script include: 

0 assign values for all RESRAD input parameters 
0 sample those parameters that were treated stochastically 

write RESRAD input files 
execute RESMAIN3 
extract doses and single radionuclide guidelines for each nuclide from the 
SUMMARY.REP file and save to separate files. 

Each scenario was run using a separate PERL script file and uranium and plutonium isotopes 
were run separately. As discussed in Section 4.2, uranium was treated differently because the 
nature and extent of uranium contamination was different from that of plutonium contamination. 

The default dose conversion factor library from RESRAD is based in the International 
Commission on Radiation Protection (ICRP) publication 30. Therefore. new dose conversion 
factor libraries were written to accommodate age-dependent dose conversion factors from ICRP 
70. Three separate dose conversion factor files were written; one for the infant scenario 
(INFANT.BLN), one for the child scenario (CHILD.BIN), and one for the remaining scenarios 
that involved adults (ADULT70.BIN). The dose conversion factor file used in the calculation is 
identified in the PERL script. 

An external C program (FIRECONC.EXE was used to calculate the fire probabilities and is 
called in the Per1 script before the start of the Monte Carlo simulation. Several other PERL 
scripts were used to take the single radionuclide soil guidelines and compute the probability 

radionuclide soil guidelines and calls the script?, SRATIO.PL and CUMPROB.PL to compute the 
sum or ratios and the probability that the sum of ratios exceeds the specified dose limit. 

Illustrated below is the PERL script file for resident rancher with the water pathway off 
followed by the DO-GRAPH.PL, CUMPROB.PL, and SRATIO.PL. Comments are provided 
throughout the script to aid the reader‘s understanding of the process. 

~ 

~. ~ ~ ~~ ~ .~ ~~~~ ~ ~- - ~ -distribution of the sum of ratios. The DO-GRAPH.PL-script opens the file containing thesingle, . -. ~~ ~. 

# racrnc:pl (RANCHER Adult), 
no fire. 
# PERL program for executing RESRAD v. 5.82 in Monte Carlo mode 
# with the Rocky Flats radionuclides. 
# 
# Please note that this program works only with a very restricted setup. 
# The first statement (require) must point to a directory that contains 
# the PERL file sample.pl. The variables SRESRADgath and $Working-directory 
# must contain correct path representations to the RESRAD 5.82 directory 
# and the user’s working directory, respectively. The working file 
# indicated by the variable Sradfile must reside in the user‘s working 

scenario beginning 2000 with water pathways off - 
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_ .  c i r s c t o r y  (--:?e prograin will xake numero:;s subscicutions in i c )  . T:?? fills 
X F S - Z .  31, RFSAL.  21N, ZFSAL. 31, ?.j.FSAL. S j L ,  .?SAL. D 5 ,  ?.FSAL. hi, and 
p.FS.:L,.SF packed with chis s - r i g i  must ? e  placed in th% RESEIAD 5 . 3 2  
d i r s c c G r y .  

Octp~c files are $outdose = xdose.prc m d  Soilcsal = n?csal.prt (th2se 
sectings =an 5e cha2ged; sfs below). These files are written ir. che 
working direczory. They  nay:^ headers ckzt may need eo be removed for 
processing x r c h  ocher softxare for plczzing zrscograms or compuci?.g 
perczntiles o r  other statisrics. 

. .  

~ i s e  of principal radionucli5es 

# Year-2000 soil concentratiz:. discribuci=r fcr Pu-239+240 (pCi g A ( - i ) )  

X Year-2000 air concentration 3istribution for Pu-293+240 (pCi rnA(-3)) 

$Air-z3nc-Pu-GX = 2.33E-5; 
$Air_c2nc_Pu_GSD = 4; 
i t * * * * *  Parameters for resuspension flux ratio calculation 
SAir__,~nc-Pu-fire_GSD = 16; X when fire is indicated, this GSD 

C will be used f;r the uncercainey of the air concentration 
+ o f  pu (this is a:tributed to the estimaced soil f l u x )  

# Burn-areas for wildfires ir. .:.rapaho-Roosevelt Nationai Forest and Pawnee 
g Nacional Grasslands, 19OO-L398 (acres) (data sorted into ascending order) 
@Burn-area = (100, 124, 120, 140, 1 4 1 ,  150, 157, i70, 177, i80, 182, 

: G O ,  210, 2 2 0 ,  230, 235, 1 5 0 .  256, 2 5 5 ,  275, 283, 3 0 0 .  312, 364, 
370, 370, 390, 400, 450, 4 7 0 ,  $77, 477, 500, 500, 606, 6 6 0 ,  715, 
740, 7 4 8 ,  757, 1 0 0 0 ,  1007. 1008, 1148, 1190, 1200, 1214, 1221. 
1504, 1967, 2471, 2635, Sy34, 2800); 

# Total area of Arapaho-Roose-?elt National Forest and Pawnee Mational 
# Grassiands (acres) 
$Park-area = 1.5E6; 

$pmir. = 0.0012; $pmax = 0.002:; 
about 1 fire csr 1000 years at the RF site; based on fire 
stat'istics in :he Arapaho-Roosevelt National Forest 

n" ' 1 . 3  million acres) and the Pawnee National Grasslands 
ii 193,000 acresj, using fires that burned 100 acres 
t or more between 1900 and i998. 

Sflux-ratio-0 = 200; # baseline ratio of median soil flux with and 

$year-of-fire = 1; # parameter to be reset by fire-flux0 
# subroutine, to give the 
# year of the fire that produces the maximum 

# without fire 
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I Pu flux escimate 
= - * * * *  2nd of parameters for rescssensior. flux ratio calculation 

= Working files 

Sradfile = "mcres. rad" ; = NAMELIST INDATA master file 
Sxxfile = "rncresxx.rad"; ii copy zf modified Sradfile to iresrad 
Sou tdose = c : \ \ r f psal \ \ task5 \ \ re:.:> \ racrzc \ \mcdose . pr t 'I ; 4 output file 
far Monte Carlo dose results 
S outs a 1 = " c : \ \ r f p s a 1 \ \ task 5 \ \ r e7.r 2 '.> r ac r zc \ \ mc sa 1 . da t " ; + output file 
for Monce Carlo SAL results 
Sdffile = "ADULT7O.EIN"; = binary library for dose conversion factcrs 
S 5np f i 1 e = I' c : \ \ r f psa 1 \ ', t as k5 \ \ r e-: 2 $. ', r ac rzc \\ \, output . h p  " ; # dump file 
cf sampied values 
ogen (DUMP, ">$dmpfile") ; 

= Set the number of Monte Carlo rfslizations . . .  
4 if $nmc = 1, the median or mean .:;ill be used for any sampled 
= parameter (median for logarizhmic distributions), mean for others. 

= - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

= - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

= - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

s>mc = 500; f number of ? ~ I O ~ C C  Zsrlo icerations ( = I  for deterministic) 

57itle = "Resident Rancher (Adult), composite fire scenario wich water pathways 
G f " ;  

- - - - - - -  More fire parameters 

= Receptor coordinates (Lm UTY)  Lczated a= =he industrial worker site 
- - 

Sx-R = 486.1; 
S:,--R = 4415.310; 

= Rectangular fire domain (roughly rancher's land) (km UTM) 
Cmin = 483.2; 
Synin = 4413.12; 
Smax = 485.96; 
Slmax = 4417.23; 

= Open the stream of normalized air concentrations from future fires. 
= The worst case corresponds to 1 3 ,  and leaching of Pu from the soil 
= is not yet taken into account. I r r  subro.Jcine %fire;flux,-each sampled- 
= value is multiplied by $flux-razio-O, making this the maximum value. 
= Then a random year is generated, and the'product is adlusted for 
= leaching. If the result is > 1, :z is multiplied by the default 
= flux (i.e., the one for standare ground cover), and the realization 
= corresponds to a fire. Otherwise, the default flux is used and tne 
= realization coresponds to the year-2000 scenario. 

- 

Snfs = 1000; # sample size from FI.?.ESTREAM 
open (FIRESTREAM, 

" c :  \ \ r f p s a l \ \ b i n f i l e s \ \ f i r e c o n c . e x e  Snfs $x-R $y-R Sxmin $Ymin $ m a x  $ p a x  

I I die "Cannot execute fireconc'; 
I ) 

print STDERR "Generating a sample of $nfs observations from fireconc --\n"; 
print STDERR "this may take a minuce or so . . .  , 
for (1 . .  $nfs) 
( 

I 6  . 

$line = <FIRESTREAM>; 
chomp $line; 
$line =- s / [  ]+//g; 
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push Gfireseriam, S 1 i r . e ;  
I 
princ ST3EF.Z " s z ~ ~ i e  complete and scorea. \no'; 
c 10 Sf F I RzST?.E*::.: ; 

i; End new fire s = : ~ f f  
Y I)------ 

# Set $Version =:. "old" c r  "new" to indicate .::hich area factgr 
4 will be -sed I - : .  5.61 c r  5.82, respeciively) . 
$Version = "nev;" ; 

4 ?.nnual dose lirnit 
$Dose-iirnit = 1 5 :  = rnrern!year 

t Areas (m^2) 
$Area = 1E7; $4 .:zea of cor.zaminaced zone 
Swatersnea-area = 2.2826; = Watershed area fcr nearb./ scrsam o r  gond 

t The arsa of c?i fire domain generally should not be changed. 
g The :isiue sho-:.-n represents most of :he eascsrn end of the site from 
i; j u s c  .:lest of =?i 9 0 3  p a t  z o  Indiana Avenue. 
$?ire-domain = -= ; 

. _-  

Si-ground = i; 
Si-inhalaiicn = 1; 
Sijlanc = 1; 
Si-milk = 1; 
Si-meat = 1; 
Si-aquatic-fooc = 0; 
Si-drinking-water = 0; 
$i-soil-ingestix = 1; 
Si-radon = 0; 

Sselectjazh = I + Si-groilrd + 2 Si-inhalation + 4 * Si-Dlant 
+ a s i  - -:-:, ..L -_._ - 16 - Si-meat + 32 + Si-aquatic-fDoa 
f 64 * Si-Zrinking-water + 128 * Si-soil-ingestion 
+ 256 * Si-radon; 

B The simulation will begin in 1971, the year for which we have the 
proportions of Pu and iim isotopes frcm Krey et al. 

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
ii Soil data 
d--------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

t The following isotopic activities (pCi) are based on a unit mass of 
i: total Pu in 1371 (100 g). Am-241 was calculated from the decay chain, 
B beginning with 1 unit of Pu-241 in 1958 and no Am-241 and integrating 
# the Bateman-type equation to 1971, then using the compuced Am-241:Pu-241 
B ratio and the given Pu-241 activity in 1971 to estimate Am-241 activity 
# in 1971. These are normalized initial activities. The "true" initial 
8 activities will be based on these values and the "true" Pu-239+240 
# soil concentration for the 199Os, from which the 1971 value is back 
# calculated, allowing for leaching. From this value, the remaining 
# initial values are computed. 

%ActNorm0 = ( "?u238", 1.164El1, "Pu239", 5.901E12, "?u240", 1.103E12, 

I 
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" P u 2 4 1 " ,  2 . 2 5 5 E 1 3 ,  " ? u 2 4 2 " ,  5 . 3 3 0 8 7 ,  ".Am?41", 5 . 4 5 S E l l  ) ; 

# The a c t u s 1  i n i t i a l  v a l u e s  ( p C i  gA(-l)) 1;iill b2 c a l c u l a t e d  and  
# p u t  i n t o  t n e  f o l l o w i n g  a s s o c i a c i v e  a r r a y  b?. t h e  ?rogram: 
% A c t 0  = ( " P U 2 3 8 " .  0 ,  " P u 2 3 9 " ,  0 ,  " P u 2 4 0 " ,  0 ,  " P u 2 4 1 " ,  0 ,  " P u 2 4 2 " ,  3 ,  

" .4m241" ,  0 )  ; 

# S p e c i f i c  a c t i v i t i e s  ( p c i  q*(-l)) g i v e n  € o r  r e f e r e n c e :  
# % S A  = ( " Pu2 3 8 " , 1 . 7  14 E 1 3  , '' Pu2 3 9 " , 6 . 2  1 7  E l  0 ,  " Pu 2 -1 0 " , 2 . 2  7 9E 11, 
# " P u 2 4 1 " ,  I .  0 3 0 E 1 4 ,  " Pu242 " , 3 . 9 1 9 E 9 ,  "Am241" , 3 . 4 3 3 E 1 2  1 ;  

# I n i t i a l  v a l u e s :  
# 
# Pu-239+240  i n  s o i l  d i s t r i b u t i o n  for K h e  y e a r  2000 
#$Pu-239-240-GFI = 1 7 . 1 ;  # geometric mean ( D 2 i  g*(-l)) 
#$Pu_239_240_GSD = 1 . 2 6 ;  il g e o m e t r i c  s t a n d a r c i  d e v i a t i a n  
$Pu-23 9-2 40-GEI = SPu- in - so i  l-GLI; 
$Pu_239_240_GSD = $Pu-in-soil-GSD; 

# U n c e r t a i n t y  f a c c o r  f o r  1 9 7 1  Am-241: Pu-239+240  r a t i o  

$Am-Pu-239-240-2SD = 1 . 2 7 ;  # U s i n g  . l 3 + . . ' - . 0 3  frorr. E r e y  et a l . ,  
$Am-P~-239-340-G!.1 = 1; 

k ws ss t imate  GSD = 1 t 13.'?. = L . 2 7  

# U n c e r t a i n ~ y  E a r c o r  d i s t r i b u t i o n s  f o r  i<d (cm^::y) 
# p a r t i t i o n  c o e f f i c i e n t s  for ? \ I ,  .h, and U 
il ( t r e a t e d  as inc ispencien t )  : 
$I<d-Pu-Givl = 2 3 20 ; 

$Kcl-am-GC.i = I. 3 0 5  ; 
$Kd-Pu-i;SD = 5 ' . G ;  

$ K d - h . - S S D  = d . L ; 

# Runo rL f C O ?  f f i c  i e n c  
$ R u n o f f  = 0.2; 
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t I r r i g a t i o n  r a t e  
S I r r i g  = 0 ;  I: m yA(-l) 

R S o i l  b u l k  d e n s i t y  
$ r h o - b  = 1 . 8 ;  ti CJ c m " ( - 3 )  

S D e l t a - z  = 0 . 1 5 ;  t t h i c k n e s s  o f  c o n t a m i n a t e d  z o n e  (m) 
S ? . l i x i n g - d e p t h  = 0 . 0 3  ; # d e p t h  of s o i l  a v a i l a b l e  f o r  r e s u s p e n s i o n  (m) 
SErodi-CZ = 0 ;  C e r o s i o n  r a t e  of c o n t a m i n a t e d  z o n e  ( ~ ~ ( - 1 ) )  
$Root -zone  = 0 . 9 ;  # d e p t h  of roo t  zone (m) 

$ D i l u t i o n - l e n g t h  = 3 ;  I: m i x i n g  model p a r a m e t e r  (m); 3 i s  RESRAD d e f a u l t  
# f o r  t h e  o ld  area f a c t o r  c o m p u t a t i o n  

# D i e t a r y  i n t a k e s  
# D I E T ( 1 )  -- F r u i t ,  n o n l e a f y  v e g e t a b l e s ,  g r a i n  ( k g  y A ( - 1 ) )  
I: D i E T ( 2 )  - -  L e a f y  vegetables (kg ~ ~ ( - 1 ) )  
# DIET(3) - -  ib!ilk (L y " ( - 1 ) )  
# D I E T ( 4 )  -- I.ieat a n d  p o u l t r y  ( k g  ~ ~ ( - 1 ) )  
I: D I E T ( 5 )  - -  F i s h  ( k g  ~ ~ ( - 1 ) )  
t D I E T ( 6 )  - -  O t h e r  s e a f o o d  (kg y A ( - l ) )  
O D i t ? C  = (190, 6 4 ,  1 1 0 .  9 5 ,  0 ,  0 ) ;  # a n n u a l  i n t a k e s  as i n d i c a t e d  

R H o l d u p  t i m e s  
ii STOR-T(1) - -  F r u i t ,  n o n - l e a f y  v e g . ,  g r a i n  ( d )  
% STOR-T(2) - -  L e a f y  v e g .  ( d )  
d sTOr?-T( 3 )  -- Neat ( d )  
I .C;TOF.-T(4) - -  X i l k  ( d )  
R S T O F . _ T ( ~ )  - -  F i s h  (d) 
ji STOP.-T(6) - -  C . r u s t a c e a ,  r i ioI lusks i d )  
ii STCI?-?'(~) -- f~ieJ.1 w a c e r  i d )  

8 STOR-T(9) - -  L i v e s c o c k  focicler ( c l )  
BSco-age  = (14. 1, 1 ,  20, ? ,  7 ,  i ,  1, 4 5 ) ;  I: h o l d u p  t i m e s  a s  ind ica ted  

k STGE-T(6) - -  Su1:fac.z Water ( U )  

B F r a c t i o n s  of water s u p p l y  c o n i n g  f rom g r o u n d  water ( v s .  s u r f a c e  water) 
jFCb;-DW = I ;  i Dri .nkincJ  watir 
$FZ~:!-l-iti = 1; ii H o u s e h o l d  1water 
$FC;k!-I.,II! = I ;  ii L i v e s t o c k  iiater 
SFG%i-i?. = 1 ;  li i r r i g a t i o n  iwacer 

C r o p  a n d  f o r a g e  p a r a m e t e r  a r r a y s  

ii T E  -- L e n g t h  of  gro!w:Jing s e a s c n  ( y )  
$ T E ( 1 )  - -  non-Leafy vzg. 
R T E ( 2 )  - -  l ea fy  veg .  
li T Z ( 3 i  - -  f o d d e r  
@ G r o w i n g - s e a s o n  = ( 0 . 1 7 ,  0 . 2 5 ,  0 .  O S  1 ; i! g r o w i n g  s e a s o n s  as i n d i c a t e d  

f '!'I;.; - -  t r a n s L o c a c i o n  f a c c o r  
t TI%.( L )  - -  n o n - L t a f - f  veg.  

t T I i . 1 3 )  - -  focicier 
@ T r a n s l c c - f a c t o r  = (0.1, 1, 1); % c r a n s l o c a t i o n  f a c t o r s  as  indicated 

T I i i ( 2 )  -- leaf), :/eg, 
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# RWET -- wet foliar interception fraction 
# RWET(1) -- non-leafy Veg. 
# RWET(2) - -  leafy veg. 
# RWET(3) -- fodder 
@Wet-intercept = ( 0 . 2 5 ,  0.25, 0 . 2 5 ) ;  t wet fol. interception fractions as 
indicated 

# RDRY -- dry fo1,iar interception fraction ' 

f# RDRY(1) -- non-leafy veg. 
# RDRY(2) -- leafy veg. 
# RDRY(3) - -  fodder 
@Dry-intercept = (0.25, 0 
indicated 

# Weathering constant €or 
$Lambda-weathering = 20; 

ti Transfer parameters for 
# stored in a file in the 

25, 0.25); t dry €01. interception fractions as 

removal from plant surfaces ( ~ ~ ( - 1 ) )  

soil-to-plant and- feed-to-animal-product are 
\RESR?.D directory (EFSAL. 03 4 )  . To use PIon.ts Carlo 

k Scenario paramiters 

# Drinking water intake ( L  y . ' ( - l ) )  
$DW-inta!:e = 730; 

ii Soil. ingestion rate ( g  y'~(-L)) 
$Soil-ingesrion-race = 7 5 ;  

# Fractions of rime spent i n d ~ s r s  a::ci oocdoo!:s 
$ Erac-indoors = 0.6 ; 
$frat-outdoors = 0.4, ;  

Risk Assessment Corporation 
"Setting the standard in environmental health" 
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# Days each year spent on site 
$days-on-site = 3 6 5 ;  

# Building shielding faccor for gamma rays 
$Gamma-shield-factor = (Sfrac-outdocrs + $frat-indoors * 0.5) 

* $days-on-site / 365; 

# Dust reduction factor for indoor air 
$Indoor-dust-factor = 0.7; 

# Intake rates by livestock for contaminated materials: 
$Fodder-meat = 68;  # kg dA(-l) 
$Fodder-rnilk = 55; # kg dA(-l) 

SWater-rnilk = 0; # L d*(-l) 
$water-meat = 0; # L dA(-l) 

$Livestock-soil = 0.5; # kg d*(-l) 

# Contaminated fractions of food and water sources 
$CF-DW = 0; # drinking water 
$CF-HHW = 0;  # household water 
$CF-LW = 0; # livestock water 
$CF-IW = 0; # irrigation water 
$CF-AQ = 0; # aquatic food 
$CF_plant = 1; # dietary vegetables 
$CF-meat = 1 ; #  dietary meat 
$CF-milk = 1 ; #  milk 

# Note: in file DIEIEI.lSOill.DAT in the \i?ESR:.il 3irsctozy, 
X the variable b l I Y  must be set eqilal to 5 
U for this arrangement to work.  
# T(1) = 0 ,  
% T(2) = 2 9 ,  
# T(3) = 1 0 2 9 ,  
# T(4) = 0 ,  
8 T ( 5 )  = 0 ,  
# T(6) = 0 ,  
# T(7) = 0 ,  
# T(8) = 0 ,  
# T ( 9 )  = 0 ,  
# T(10) = 0 ,  
@T = ( 0 ,  2 9 ,  1 0 2 9 ,  0 ,  0 ,  0 ,  0 ,  0 ,  G ,  0 ) ;  i! ;ucp~ic times ( y s a r s  aCc2r  I3711 

8 .Area €actor data 
# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

# The parameters $ado, 
k ANL/EAD/TI~l-82, Evalcation of th? Area Factor t i s s c i  in che 
8 RESR4D Code for- ths Estimation of Airborne Concai?LLna:ic 
# Concentratiors of Finite Area Sourcss. Ti-s i n c t r p o i a c i o r  
% Is for parEicls asrodynamic diameter L microms:s:: a x i  
11 the va1.ue of Svind-speed given below. 

$bbO, $ccO are incsrpolated from Tablo ii of 
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# From Table 4 of ANL/EAD/TM-82 for particle diameter 1 micromecsr: 
@WS-tab = (1, 2, 5, 10); # tabulated wind speed ( I d s )  

Baa = (1.9005,. 1.6819, 0.7837, 0.1846); . 
@bb = (14.1136, 25.5076, 31.5283, 14.6689) ; 
@CC = (-.2445, 
$Ntab = scalar 

$aaO = linterp 
$bbO = linterp 
$ccO = linterp 

$New-area-fact 

-.2278, -.2358, -.2627); 
@WS-tab; 

$Ntab, $Wind-speed, \@WS-tab, \@aa); 
$Ntab, $Wind-speed, \@WS-tab, \@bb); 
$Ntab, $Wind-speed, \@WS-tab, \@cc); 

r = $aaO / (1.0 + $bbO * sqrt($Area)"$ccO); 
$Old-area-factor = sqrt ($Area) / (sqrt ($Area) +$Dilucion-length) ; 
# Note: $Dilution-length was specified above and has a default 
# value of 3.0 for the old methodology 

for input 'I ; 
while ($line = <DIMENSON>) 
( 

push @Dimenson, $line; 
) 
c 1 os e D IMENSON ; 
open (DIMENSON, ">$RESIiAD>ath\ \dimenson.  daL 
for output"; 
print DIMENSON <<END-DIMENSON; 

2 2  3 36 32 1 0 70 / N ~ U C , M I Y , I \ J P D , N P ' I ' S , I ~ I S ,  Ii.i:LiPTII~!.NPDS 
0 89 76 76 67 INTAB(1,l) ,I=1.5 
125 89 76 76 67 /NTAB(I,2),1=1,5 

END-DIMENSON 
close DIMENSON; 

for $ext ("D34") # for now we just work with .334, but w2 car? 
# add other extensions if +:+ :.:;anz 'io d.o unc?rca 
!I on dose conversion factors 

( 

I 
system "copy $RESRkDgath\ \RFSAL. $axt S[r!orking_directorY\\I;FTI.iP 

open(OUTD0SE. ">$outdose") I I dia "Cannot' open 3utput file $ o u t d o s e " ;  
print OUTDOSE "Scenario: $Title\n"; 
$ tmp = 
print OUTDOSE "RESFAD version $tmp\n"; 
princ OUTDOSE "Total Annual Dose (mrem/:k~eaz) fc;:: chcas i.cdicacrc1: 'i;?'' ; 

printf OUTDOSE "%d\t$d\t%s\t$s\n", $T[0]+197L, ;'I:[ 1 I t.1971, " F i r ? " ,  

open(OUTSAL, ">$ouzsal") 1 I die "Cannot open  s u ~ p u c  f i . 1 2  Soutsai"; 
print OUTSkL "Scenario: $Ticle\ri" ; 
print OUTSAL "RCSIUD version $tinp',n" ; 

( $ Ver s ion eq " o Id " ) ? " 5 . 6  1 " : " 5 . 8  2 " ; 

" Ma xi mum " ; 

Risk Assessment Corporation 
"Setting the standard in environmental health" 
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print OUTSAL "Soil action levels for Rocky Flats radionuclides (pCi/g) '\n" ; 
print OUTSAL "Annual radiation dose limit: $Dose-limit (mrem/year)\n"; 
print OUTSAL "Effective year: $Scenario-date\n"; 
print OUTSAL '*Am-241 \tNp-237 \tPu-238 \t"; 
print OUTSAL "Pu-239 \tPu-240 \tPu-241 \tPu-242\n"; 

# Save default future output time (1029 years) 
$TZsav = $ T j 2 ] ;  

f o r  $imc (1 . .  $nmc) 
I 
RESTART : 

# Restore default future output time 
$ T [ 2 ]  = ST2sav; 

open(RADF1LE. "c$radfile") I I die "Cannot open rad file"; 
open(XXF1LE. ">$xxfile") I I die "Cannot open output file"; 

# Preliminary caiculations 
# 
# (1) Estimate parameters related to leaching. 
I: 

$Precip = sample ("UNIFORM", SPrecip-min, $Pr?cip-max) ; t m 
y A ( - 1 )  

$eps-eff = sample( "UNIFORM", $eps-eff-min, $eps-eff-max) ; ti 

$eps-tot = sample ( "UNIFORI~I" , $eps-tot-min, $q3s_tot_max) ; 
dimens ionless 

# The following quantities are lognormal uncertainty 
# factors, with GM = 1, which multiply the nominal 
i: estimates 
$Kd-Pu = sample ( "LNORM" , $Kd_Pu_GL4, SKd-Pu-GSD) ; 

$Kd-Am = sample ( "LN0RI.I" , SKd-Am-GEI, $Kd-?sr,-GSD) ; 

$I = ( 1  - $Evap-transp) + ( (1 - $Runoff) ' SPrecip .t SIrl-i.7 I ; 
$Rs = ($1 / $Hydraulic_conductivit~/)-+(l. ' ( 2 .  - $bsarsxiecer + 3 . )  i ;  
$Leach-Pu = $I / ( $Delta-z * $eps-tot * $ R s  * ( 1  + $Kd-PG I $rho-:;. 

/ $eps-tot ' $Rs) ) ;  
# print DUM? "Kd ?u: $Kd-?u \n"; 
# prir?t DUM? "Kd Am: $Kd-Am \n"; 
# print DUMP "Kd U: $Kd-U \n"; 

# (2) Initial values in soil 
# 

!# Sample the pci gA(-l) of Pu-239t240 in th? soil, using 
it the distribution parameters- given above 
$?u-239-240 = sample( "T,NORI4", $Pu_239_24O_Gi.:, $Pu_239-~4O_G;D) ; 

# Use Pu 'leaching rats to adjust this contemporary ( l ' sa r  20501 ::aLus 
# to 1971: 
SPu-239-240 *=  expiSLeach-Pu * 29.0); 

# Use the 1971 normalized ac:ivities to separate Pu-239 and ?:!-3:lO 
$F.c t 0 ( " ?u2 3 9 " ) 

SA~tO("p~240") = $Pu-239-240 - $.ktO("Pu239":; 

= SAC tP.I.;rmO ( " Pu2 3 9 " 1 / ( $Ac Li~ lor rnO ( " ?u? 3 9 " 
i $.~ct~~ormO("Pu240") ) ' $?u-239-240; 

# Sample the 1971 .irn-241:Pc-239-240 ratio a::d use i~ wFck 
# the Pu-2397240 soil concentracron to calculace t n e  
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# Am-241 soil concentration in 1971. 
$ratio = sample ( " L N O F J I "  , $.%n-Pu-239-240-GM, $.Am-Pu-239-240-GSD) ; 

$Act0 ( ".h241" ) = $ratio * $ActNorm0 { "Am241 " ) 
,' ( $ActNorm0 ( " Pu239 '' ) +$Ac tNormO { "Pu24O" ) ) * $Pu-239-240 ; 

# Compute the 1971 Pu-241 soil Concentration and make the 
# same random adjustment. 
$ Ac t 0 ( " Pu2 4 1 " ). = $ rat io * $ Ac t Norm0 ( " Pu 2 4 1 " 

/ ( SAC tNormO ( " Pu239 " ) +SAC tNormO ( " Pu240 " ) ) * $ Pu-2 39-2 40 ; 

# Mow compute the initial values of the remaining Pu isotopes. 
$ActO("Pu238") = $ActNormO("Pu238") 

/ ( $Ac tNormO ( Pu2 39 ) +$Ac tNormO ( " Pu240 " ) ) * $Pu-23 9-2 40 ; 
$ Ac t 0 ( " Pu 2 4 2 " ) = $ AC t No rmo ( " Pu 2 4 2 " 1 

/ ( $Ac tNormO ( Pu239 ) +$ActNorm0 ( " Pu240" ) ) * $Pu_239_24O ; 

# (3) Sample the user-supplied air concentration and soil concentration 
il for resuspension. 

# * * * * *  
# 
# 
# 
# 
# 
# 
il 
# 
H 
# 

Resuspension flux ratio calculation 
If $flux-ratio is 1, no future flux due to a fire would exceed 
the current vegetated flux, so we use the uncertainty (GSD) 
derived from the regression based on contemporary sampling. 
But if $flux-ratio exceeds 1, the flux due to some fire exceeds 
the current vegetated flux, and we us2 the uncertainty (GSD) 
corresponding to our estimate of soil flux following a fire, 
which would likely produce a higher annual dose than the one 
for contemporary vegetated conditions. The GI4 for a fire scenario 
is the default air concentration multiplied b y  the simulated 
flux racio. 

# (  ( ( - -  After the above comment, delets everyching ciorvn co c h e  cominent 
I!( ( (  -- about tricking RESRAD and replace it with the fzJl1owing stuff: 

# Probability of a fir2 in any given year 
$p = sample( " L O G U I ~ I F O R l ~ I " ,  $pmin, $emax) , 
$Air-conc-2000 = sample ( "LNORM" , $Air-conc-Pu_Gil, $?ir_conc-Pu-L53i , 
$fl~~-2000-0 = 5 38E-5; # (mg m^(-2) s"(-l), ground-liv?: flu.: for 

$Delta-rO = ($flux-ratio-O - 1) * $flux-2000-0, 

if (SDelta-rO > 0 )  

P year 2000 with normal ground cover 

# mg mA(-2) s"(-l), baseline incremental flu.: due to fire 

- -  - - _ - _ .  - _  - - ( -  _ =  - - _  -- = ~ = - _  

$Delta-r-tmp = sample ( "LNORM" , $Delt~~rO~,- $ r_conc-Pu-fi-re,2SD) , -._ - - - -  -= - - 

$flux-ratio = fire-flux($p, $Leach-Pu, $Delca-r-tmpj, 
~ - 

1 
else 
( 

) 
if ($flux-ratio > 1) 

$flux-ratio = 1, 

1 .  
# Compute RESR4D output time corresponding CG year (of fire 
$T[2] = 29 + $year-of-fire - 1; 
$Air-conc = $Air-conc-2000 * $flux-ratio; 

} 
else 
( 

$ T [ 2 1  = 1029; 
$.Air-conc = $.Air-conc-2000; 

1 
# ( ( ( ( - -  End replacement 

Risk Assessment Corporation 
"Setfing the standard in environmental health" 
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# Here is whers we trick RESRAD: 
$ML-fact = $Air-conc / $Pu-in-soil-GM 

/ $New-area-faztor; # mg mA(-3) 

# ( ( ( (  - -  Add this: 
# In fire case, adjust $Pu-in-soil-GM factor for leaching 
if ($flux-ratio > 1) ( $I.ii-fact *=  exp(($year-of-fire - 1) 

* $Leach-Pu); ) 
# ( ( ( (  - -  End add this 
!I****.* End of resuspension flux ratio calculation 

# Possibly uncertain RESRAD parameters (pairwise independent). 
# First string is the variable name, exactly as it appears in the 
# RESRAD ir.pilt file (Sradfile below). 
@var = ( 

[ "AREA", "COMST", $Area, 0 1 ,  
[ "WAREA" , "CONST", $Watershed-area, 0 1 ,  
[ "COVERO", "CONST", 0, 0 I ,  # Cover depth (m) 
[ "THICKO" , "CONST", $Delta-z, 0 1 , # Thickness of contaminated zone 

[ "LCZPAQ", "CONST", 3000, 0 I ,  # Length (m)  parallel to aquifer 

[ "HCCZ", "CONST", $Hydraulic-conductivity, 0 1 ,  
[ "BCZ", "CONST", Sbgarameter, 0 I ,  ti "b parameter" for CZ 
[ "DENSAQ", "CONST", 1.8, 0 1 ,  # Density of saturated zone 

[ "TPSZ", "CONST", 0.3, 0 I ,  # Total porosity of SZ 
[ "EPSZ", "CONST", 0.1, 0 1 ,  # Effective 2orosity of SZ 
[ "HCSZ", "CONST", 44.5, 0 I , ,  # Hydraulic conductivicy of S Z  
[ "HCWT", "CONST", 0.15, 0 I ,  # Hydraulic gradient of SZ 
[ "VWT", "CONST", 0 ,  0 1 , t Water table drop race ( m l ' y )  
[ "DWIBbJT", "CONST", 10, 0 I ,  t Me11 pump intake depth (m) 
[ " U W " ,  "CONST", 2 5 0 ,  0 I ,  k Well pumping rats (mA3/y) 
[ "LM" , "CONST", $Dilution-length, 0 1 , 
[ "EIODEL", "CONST", 0 ,  0 1 , # Nondispersion model of crater 

(m) 

flow 

(g/cmA3) 

transport 
[ "NS", "CONST", 1, 0 I ,  ii 
[ "H(l)", "CONST", 3 ,  0 1 ,  # 
[ "DENSUZ(l)", "CONST", 1.8, 0 1 ,  if 
[ "TPUZ(l)", "CONST", 0.3, 0 1 ,  # 
[ ''EPUZ(1) " ,  "CONST", 0.1, 0 I ,  # 
[ "BUZ (1) " , "CONST", 10.4, 0 I ,  # 
[ ''HCrJZ(1)". "CONST", 44.5, 0 I .  # 
[ "DM" , "CONST", $Mixing-depch, 0 1 , # 

[ "DROOT" , "CONST", $Root-zone, 0 1 , # 
[ "RI", "CONST", SIrrig, 0 I ,  # 

[ "WIND", "UNIFORI.1" , $WS-min, $WS-max] , # 

Nun~er of layers in U Z  
Thickness of UZ (m) 
Density of UZ (g/cm'.l) 
Total porosit;? of UZ 
Effective porosity of UZ 
"b parameter" for UZ 
Hy'ciraulic conductivicy of iiZ 
Depth of mixing l a y s -  (m) 
irlind speed ( m / s )  
Depth of root zone ( in )  

Irrigation rate (m >-"I -1) ) 
[ "IDITCH", "CONST", 0 ,  0 I ,  # Irrigation mode ( 0  for overhead) 
[ "XUNOFF" , "CSNST" , $Runoff, 0 ] , # I;iunoff coefficient 
[ "VCZ" , "CONST", $Erocle-CZ, 0 I ,  t Erosion rate for cor.-aniinaced 

[ "INHilLR" , "CONST", $Inhalation-rats, 0 1 ,  
# Inhalation rat? ( m A 3  y"(-l)j 

[ "ED", "CONST". 30, 0 I ,  # Exposure duration (y) 
[ "SHF1" , "CONST", $Gamma-shield-Eactor, 0 1 ,  

[ " S H F 3 " ,  "CONST", $Indoor-dust-factor, 01,  

[ "SOIL", "CONST", $Soil_in.~estion_rate. 0 1 ,  

zone (y"'-1)) - 

!! Buiiding shielding for gamna r ays  

t Dust reciuction faccor for i i idoors 

# Soil Fngzscion rate ( g  ~ ~ ( - 1 )  ) 
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[ "DWI" , "CONST", $DW-intake, 0 1 ,  

[ "FIND", "CONST", $frat-indoors, - 0 1 ,  
[ "FOTD" , "CONST", $frat-outdoors, 0 I ,  
[ "LFI5", "CONST", $Fodder-meat, 0 1 ,  

[ "LFI6", "CONST", $Fodder-milk, 0 I , 

[ "LWI5", "CONST", $Water-meat, 0 I ,  

[ "LWI6", "CONST", $Water-milk, 0 I ,  

[ "LSI" , "CONST", $Livestock-soil, 0 I ,  

[ " FGWDW" , " CONST '' , $ FGDJ-DW, 0 1 , 

[ "FGWHH" , "CONST" , $FGW-HH, 0 ] , 

[ "FGWLW" , "CONST", $FGW-LW, 0 I , 

[ "FGWIR" , "CONST", $FGW-IR, 0 1 , 

[ "FDW", "CONST", $CF-DW, 0 1 ,  
[ "FHHW", "CONST", $CF-HHW, 0 I ,  

[ "FLW", "CONST", $CF-LbJ, 0 I ,  

[ "FIRW" , "CONST", $CF-IW, 0 1 , 

[ "FR9", "CONST", $CF-AQ, 0 I ,  
[ "FPLANT" , "CONST", SCFSlant, 0 I ,  
[ "FMEAT" , "CONST", SCF-meat, 0 1 , 
[ "FMILR" , "CONST", $CF-milk, ' 0  I ,  
[ "EVAPTR" , "CONST", $Evap-transp, 0 1 , 

1) ) 

meat (kg dA(-l)) 

milk (kg dA(-l)) 

(L dA(-l)) 

(L d"(l1)) 

1 ) )  

groundwater . ' 

groundwater 

groundwater 

groundwater 

water 

water 

water 

# Drinking water intake (L y A ( -  

# Fraction of time indoors 
# Fraction of time outdoors 
li Livestock fodder intake for 

# Livestock fodder intake for 

# Livestock water incake for meat 

# Livestock water intake for milk 

# Livestock soil intake (kg dA(- 

# Frac. of drinking water from 

# Frac. of household water from 

# Frac. of livestock water from 

# Frac. of irrigation water from 

# Concam. frac. of drinking water 
# Contam. frac. of household 

# Contam. frac. of livestcck 

# Contam. frac. of irrigation 

it Contam. frac. of aquatic fosd 
# Contam. frac. of plant food 
# Contam. frac. of dietar>, m e a t  
# Concam. frac. of milk 
# Evapotranspiration coefficient 

[ "WLfiM" , "CONST",  $Lambda-weachering, 0 1 , 
# Weathering race f o r  plant surfaces 

(YA(-l) 1 

zone ( g  crnA(-3)) 
[ "DENSCZ" , "CONST", $rho-b, 0 1 , # BuAk density of concaminatzd 

[ "BRDL", "CONST", $Dose-limit, 0 1 1 ,  it Annual dose limic (rnrXrlJear) 
$ w a r  = scalar @var, 

- 
- - -# Compare each-yarigbL~ me-in the file with t h e  list of uncerca~n _ =  - - 

~- # parameters In the arr 
# or substitute for a "CONST" value when so indicated 

@Gar.- D o h  Monte Carlo-sample for each hit, 

LINELOOP : 
while ($line = <illiDFILE>) 
( 

@fields = split / = / ,  $line; 
$vname = $fislds[Ol; 
$vname =- s / [  l+//g; 
for $ivar (0 . .  Snvar-1) 
( 

if ($vname eq $var[$ivarl [ O l )  
( 

$dist = $var[$ivar] [ l ]  ; # type of distribucion 

# Generate a uniform random number 
do ( $u = rand(l.O); ) until $u i 0 LL $ u  I . ;  

# Sample the distribution 

Risk Assessment Corporation 
"Setting the standard in environmental health" 
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1 
i f  
( 

1 
if 
( 

1 
if 
( 

Svalue = sample( Sdist, SvarcSivarl [31, $var[$ivarl [31 ) ;  

$line = " Svnarne = $value,\n"; 
goto PRINTLINE; 

1 

(Svname eq "TITLE" ) 

$line = '' TITLE = \'$Title\' ,\n"; 
goto PRINTLINE; 

(Svname eq "DCFILE" ) 

;line = " DFFILE = \ ' $ d f f i l e \ '  ,\n"; 
goto PRINTLINE; 

(Svnarne =- /^T\([O-91+\)/) 

@part = split /[()I/, Svnarne; 
$line = 'I T($part[l]) = $T[$part[l]-l],\n"; 
goto PRINTLINE; 

(Svname =- /^DIET\([O-9]\)/) 

@part = split / [ O l / ,  Svname; 
$line = " DIST($parc[l]) = $Diet[$part[ll-ll ,\n"; 
goto PRINTLINE; 

( Svname =- / ̂ STOR-T\ ( [ 1-9 1 \ ) / ) 

@part = split / [  0 I i ,  Svname; 
$line = '' STOR-T($part[l]) = $Storage[jparC[ll-l] , \ n " ;  
g 0 t 0 PR I MT L I NE ; 

i$vnarnt =-  / ^ W \  ([l-31\) / I  

@part = split ;[ ( i  I / ,  Svname; 
$line = '' $part[O] ($part[ll) = $Yield[$part:ll-ll,\n"; 
g o c o  PRINTLINE; 

( Svname =- / ̂ TE \ ( [ 1 - 3 1 \ ) / ) 

@part = split / [ ( ) I / ,  Svname; 
$lins = " $part[O]($part[l]) = $Growing-ssason[$part[ll-l],\n"; 
goto PRINTLINE; 

(Svname =- /^TI\{\ ( i l - 3  1 \ / )  

@part = split / [ ( I  I / ,  Svname; 
jline = '' $part[O] ($part[l]) = $Transloc-factor[$part[l]-l! ,\n"; 
goto PRINTLINE; 

(Svnans =-  /^RWET\ ( [ 1-3 1 \ )  / )  

@part = split / [ O  I : ,  Svname; 
$line = '' $part[Oj ($part[l]) = $Wet_interce~~t[$part[ll-ll,\n"; 
go Z o PRINT L I ME.; 

(Svname =- /^RDRY\ ( I1 -3 1 \ / ) 

@part = split l [ O l / , ,  Svnams; 
$line = " $part[O] ($part[l]) = $Dry_in=ercepc[$part[l]-ll ,\n"; 
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goto PRINTLINE; 
1 

N~cI\J.~..I = 'Ac-227', 'Am-241', 'Np-237', 'Pa-231', 'Pb-210', 'Pu-238', 
'pu-235', 'pU-240', 'pu-241', ' p u - 2 4 1 ' ,  'Pu-242', 'R~i-226'~ 

# 'Ra-228', 'Th-228', 'Th-229', 'Th-230', 'Th-232', 'u-233', 'U-234', 
1: 'U-235', 'U-236', 'U-238', 'LAST', 
# S = 0, .3, 3*0, 1, 8.42, 1.58, 2*40, 1, l l * O ,  
# w = 22*0, 

# DC-ACTU~ = 2*20,-1, 50, 100. 6*2000, 2*70, 4*60000. 5*50, 
# DCACTC = 2*20,-1, 50, 100, 6 * 2 0 0 0 ,  2*70, 4*60000, 5 * 5 0 ,  

6 DCACTS = 2*20,-1, 50, 100,  6*2000, 2*70, 4*60000, 5 * 5 0 ,  
# RLEACH = 22*0, 
# SOLUBKO = 22'0, 

if (Svname eq "DCACTC" I I $vname eq "DCACTU1" 1 
( 
# K-d values for contaminated zone, unsat.uraded 
# saturated zona 

Svname eq "DCACTS" ) 

zone. and 

$line = " Svname = 20, $Kd-Am, -1, 50, 100, n"; 
$line = $line." 6*$Kd_Pu, 2*70, 4*60000, 5*50,\n"; 
goto PRINTLINE; 

if (Svname eq " S " )  # Nuclide activities (PCi/g) 

1 
if 
( 

# Note: 1E-10 is a negligible nonzero initial value for . 
#. the activity of Np-237 to trigger RESRAD to compute 
# a soil action level for this nuclide 
$line = " S = 0, $ActO(\"Am241\"), 1E-10, 2*0 , \ n " ;  
$line = $line. " $AccO(\"Pu238\"), $ActO(\"Pu235\"), \n"; 
$line = $line." $ActO(\"Pu240\"), $ActO(\,"Pu24l?"),\n"; 
$line = $line." Sl;ctO(\"Pu241\"), $.~.ctO(\"Pu242\"), ll*O ,\n"; 
goco PRINTLINE; 

($vnams eq "MLINH" ) # mass-loading for inhalation 

$line = " t3LINFi = SNL-fact , \n"; 
g o t o  PRINTLINE; 

(Svname eq "LILFD" ) # mass-loading f o r  foliar deposition 

s.Lin? = I' PRECIP = SPrecip ,\n"; 
goto  PRINTLINE; 

I 
$line = TPCZ = $eps-tot ,\n"; 

. goto PRINTLINE; 
} 
if (Svname eq " E P C Z " )  
( 

$I.Fne = " EDCZ = $eps-eff , \ n " ;  
goto P R I b i T L I N E ;  

if ($vnarne 2c[ "SELPATH" ) 
) 

( 
$line = " SELPATH = $se?ect-pach , \ n " ;  
goco PRINTLINE; 

Risk Assessment Corporation 
"Setting the standard in environmental healfh" 
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P R I NTL I NE : 
p r i n t  XXFILE " $ l i n e " ;  ii $ l i n e  may be t h e  o n e  read i n  o r  a n  a l t e r a t i o n  

I 
c lose G D F I L E ;  
c lose X:XFILE; 

t Sample t r a n s f e r  parameters f o r  Pu ,  Am, and Np 
I! and make f o r m a t t e d  s t r i n g  r e p r e s e n t a t i o n s  of t h e i r  v a l u e s  
f o r  Selem ( " P u "  , " A n i " ,  " N p "  ) 
1 

S B i v ( $ s l e m )  = s p r i n c f  " % . l E " ,  

$ B i v ( $ e i e m l  =- S / E ( [ - + ] ) O O ( [ O - ~ ] ) / E $ ~ $ ~ / ~ ;  
$ F m e a t ( $ e l e m )  = s p r i n t f  " % . l E " ,  

$ F m e a c ( $ e l e m )  =- s / E (  [ - + I  ) O O (  L0 -91 )  / E $ 1 $ 2 / g ;  
$ F m i l i : ( $ e l e m )  = s p r i n t f  " % .  IE", 

$ F m i l k ( $ e l e m ]  =- s / E (  [ - + j  ) O O (  [ 0 - 9 ]  ) / E $ 1 $ 2 / g ;  

sample ( "LNORM" , $Biv-GM( $elem), $Biv-GSD($elem) ) ; 

sample( "LNORI.I", $Fmea t -GM($e lemJ ,  $Fmea t -GSD($e leml )  ; 

s a m p l e ( " L N 0 R M " .  $ F m i l k - G M ( $ e l e m J ,  $Fmilk-GSD(Selem) ) ;  

I 

R brake a s c r ip t  f i l e  €or  a c a l l  t o  t h e  b a t c h  e d i t o r  sed .  
t T h e  s c r i2 t  w i l l  c l i r e c t  sed ts read t h e  f i l e  RFSAL.D34 a n d  
W replace c h e  t r a n s f e r  f a c c o r s  o n  che l i n e s  b e g i m i n g  w i t h  
2 ,I , "h" , and "Ng" w i t h  t h e  samplid v a l u e s  j u s c  c o m p u t e d .  
open ( SC R I PT , " ; S Wo r k i ng-d i r ec t o  r I./ \ i s c r i p t " ) 

1 1  c l i s  " C a n n o t  o p e n  s c r i p c  f i l e  Cor s ed" ;  
p 1.- in t SC E I Pf i c END-SCRI PT ; 

S A ,  , ?L!iC\'. 
P LI S B i v ( " P u " )  $ F i n e a c ( " ? ~ i " ]  $ F r n i l k ( " P u " l  
.: *Am .' c i '., 
iim j B i v (  ".kiii") $ F m e a c (  ".Lii"] $ F n i l k { " . R i i " )  

N p j E i v ( " P l p " )  $ F m e a c ( " N p " )  $ F m i l k ( " N p " )  
/ ^Np  .c\\ 

END-SCP.T: eT 

cl.ose SCRIPT; 

E Noi- have  the s y s t 2 m  c a l l  sed and p o i n t  i t  t o  t h e  s c r i p t  f i l e  
I aild RFSAL.D?4 i n  c h e  ?RESitiD d i r e c t o r y .  T h e  n e c e s s a r y  
g coiwiand s t r i n g  is long, so  'WE. do i t  i n  several  p ieces .  
S c m d  = "ssd - E  S w o r ~ ~ i n g _ d i r e ~ t o r ~ ~ ? \ s c r i p t "  ; ii f i r s t  piece 
Scmd . = " $wor~ing_directory\\RFTWP. D34" ; # s e c o n d  p i e c e  
Scrnd . = '' ; S R E S R ~ D _ p a t h i i R F S . ~ . L . D 3 4 " ;  # t a i l  
s i r s t e m  "Scmci";  # s y s t e m  command 

system " C o p j r  $ x x f i l e  $ R Z S ~ ~ . D _ p a t h \ \ $ x x f i l e  > n u l "  ; W s u p p r e s s  DOS c o p y  
m s s  sag e 

c-i2 0 8  ,*' ,axioc cd to $RESX&D-pati:" unless c h d i r  "SRESRAD-path" ; 

systein " r a s m a i n 3  $:.:xEile 3 : . n ~ i l "  I I d i e  " C a n n o t  e x e c u t r ?  r e s m a i n 3 "  ; 

S ~ S K S ~  "eras2 S : l i : f i l e "  I I pr i : : t  " C a n n o t  erase S x x f i l e  from $ R E S R I \ D s a t h " ;  
d i e  8 1 -  ,annot cd to home d i r e c t o r y "  u n l e s s  

c hci i r " $ Wo r >r i ng -d i r sc  cor  y " ; 
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1------------------------------------------------------------------ 

i! Gec izhe radionuclide concentrations in the contaminated zone 
ii f o r  each output year and store them in the hash array %conc 
i;- f o r  later use. 
p - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
%cox = 0; 
open (?O!\JCEbJT, '' <$RESRAD_path\\concent. rep" ) 

I 1 die ("Could not open concenc.rep") ; . 

$found = 0; 
f o r  $count ( 0  . . 2 )  
( 

while ($line = <CONCENT>) 
I 

if ($line =- /Concentration of radionuclides.in environmental media/) 
i 

$found = 1;. 
last; 

) 
for (1 . .  7) ( $line = <CONCENT>; # skip next  7 lines 

ii Iterate over the tabular list, one line for ekch radionuclide. 
ii This list contains not only our principal radionuclides, but also 
4 all descendent species, which we wish to exclude (because RESRAD 
n" vJi11 implicitly include thsse descendents in its calculations). Thus, 
4 L*js must l o o k  at each line and  see whether the nuclide name in the 
ii rirst field matches soms name in the array @nuc-name. If so, 
i: th-. line corresponds co a principal radionuclide, and we store 
4 the nuinber in the second field, which is the nuclide concentration 

in che contaminated zons. Clcherwise, ~zie mo-e. to the next line. 
I' marks the end of the table. K :-. ;in* .with the patcsrn ' I - - - - - - -  

.. r .  

.. . 

last if ($line 
cnomp $line; 
$line =- s i " [  
@field = split 
$name  = $field 
$found = 0; 

+/;; n" delece iniizial spaces 
/ [  \t] i - i ,  $line; 
0 1 ;  

- ~ .. . ~- . 

# Is this nuclide in the list of principal nuclides? 
foreach (@nuc-name) 

. _  
~t ($found == 0 )  { ne:ct; I ii not in list 
else # yss, principal radionuclide; put in hash array 
( 

1 
$conz($name)[$count] = $field[ll; 

1 

1 
close CONCENT; 

Risk Assessment Corporation 
"Setting the standard in environmental health" 
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$found = 0 ;  
w h i i e  ( $ l i n e  = <SUi4I%l.RY>) 
( 

I 
i f  ($Eouncl == 0 )  
( 

i f  ( $ l i n e  = -  , 'Tota l  Dose "DOSE/) ( $iounci = 1; 1asC;  ) 

close SU!.iILr.RY; 
g o t o  RESTADT, 

# B E G I S  r ep lacemen t  
fo r  ( 1  . .  4 )  ( $ l i n e  = cSUbD.IkRY>; 1 I! s k i p  3 l i n e s  and  r e t a i n  t h e  4 t h  
chomp S l i n e ;  # remove \n c h a r a c t e r  f r o m  end  of l i n e  
$ l i n e  =- s," ' [  I + / / ;  ?? remove i n i t i a l  s p a c e  c h a r a c t e r s  
@ f i e l d  = s p l i c  / [  \ t ] + / ,  $lint?;  
f c r  ( 1  . .  2 )  ( s h i f t  @ f i e l d ; . )  jt remove " t  ( y e a r s )  : "  

@ d o s e d a t e  = ( ) ; 

f o r  $ E  ( @ f i e l d )  
( 

1 
$ l i n e  = <SUL4IGiRY>; # g e t  "TDGSE(t) : "  l i n e  
chomp $ l i n e ;  
$ l i n e  =-  s i ^ [  ] + / I ;  f i  remove i n i t i a l  s p a c e  c h a r a c t e r s  
@ f i e l d  = s p l i c  / [  \ t ] + / ,  $ l i n e ;  

push  @dossdace,  $ f + 1 9 7 1 ;  

f s p l i t  t h e  l i n e  a c  s p a c e s  o r  t a b s  
i: and p u t  che  f i e l d s  i n  an a r r a y .  

shi f t 9 f i e . t c i ;  = remove a l a b e l  f i e l d  "TDOSE(t) : " 

f For  he rnai:imum ciose, ive use S.it!i?r (ab t h e  maximum of  t h e  c a b u l a t e d  
D :.;aluzs ax 0:: bek.snci ci12 s c e n a r i o  ciace, o r  ( b )  the maximum dose 
5 ca!.cL:iactc! b;. RZSR:.D i f  c h i  ca!.cc!Laced t i n e  i s  3 - =  t h e  s c e n a r i o  c i3 t i3 .  

5 - .  ,, r l r S C  S ? L  L;;> d e f a u l t  case (a ,  
$ciosema:< = 0 ;  
for Si ( 0  . .  (scalar @ E i e l d ) - L )  
( 

t C h a ; : g ~  a:if:viard f o r m a t t i n g  s u c h  a s  2 . 4 3 E c 0 0 3  to 2 . 4 ? E i 3  
c; + . . i e i c i f $ i ;  = s p r i n t E  " % . . ? G " ,  S f i z l d [ S i ] ;  
S f l 2 L c l [ j i l  =- s/E[+]OO/E+/; 
p r i 2 c f GirTDOS E " % s \ t " , 
I.: ( 5 d ~ 3 2 d a t e [ $ i l  > =  SScenaria-ciace) 
( 

S f i e l d [ S i l ;  
. -  

i f  (,$dosema:< .z $ f i e l d [ S i ] )  ( Sdosemax = $ f i e l d [ $ i l ;  j 
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! ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

ii For e a c h  r a d i o n u c l i d e ,  d e t e r m i n e  t h e  f r a c t i o n  of t h e  t o t a l  dose 
t ch3c i s  fro111 i n h a i a t i o n  a n d  p l a n t  i n g e s t i o n  ( r e s u s p e n s i o n  
a pa tilrQays ) . 
8---------------------------------------------------------------- 
% r e s u s p - f r a c  = 0; 
# T h i s  search f i n d s  y e a r  t = 0 ( 1 9 7 1 )  
w h i l e  ( $ l i n e  = <SUblPLARY:-) 
.[ 

1 
for S i  (0 . . 1) 
i 

l a s t  i f  ( $ l i n e  =- /water Independen t  Pa thways / )  ; 

t T h i s  one  f i n d s  t = 2 9  ( 2 0 0 0 )  for $1  = 0 and  
t c h e  f i r e  y e a r  f o r  $ i  = 1 
w h i l e  ( $ l i n e  = < S U M M A R Y > )  
( 

l a s t  i f  ( $ l i n e  =- /Water  Independen t  Pa thways / )  

f o r  (1 . _  4 )  ( $. l ine  = <SUPD'ARY>;  ) # s k i p  down t o  t a b u l a r  l i n e s  
for (1 . .  7 )  # i t e r a t e  o v e r  r a d i o n u c l i d e s  i n  t h e  t a b l e  
( 

$ l i n e  = cSUMbL4RY>; 
$ l i n e  =- s l h [  I + / / ;  # d e l e t e  i n i t i a l  s p a c e s  
@field = s p l  
i.r (Si == 0 )  

ii 
i S f i e l d [ 4 ]  

t 5 f i e l d  [ 8 I 
ii S f . i e l c i  [ L O  1 
1 $Eie id [LZl  

. ?  

'S field [ 2 I 

t i [  \ t l + , ' ,  $ l i n e ;  
( push  Bnuc-name, $ f i e l d [ O l ;  I 
i s  t h e  f r a c t i o n  of t h e  d o s e  d u e  t o  ground 
is t h e  f r a c t i o n  of t h e  dose due  t o  i n h a l a t i o n ,  
s t h e  f r a c c i o n  from p l a n t  i n g e s t i o n ,  
is ctie f r a c c i o n  f rom l o c a l  m e a t ,  
is t h e  f r a c t i o n  from l o c a l  m i l k .  

ii jfield[l?] i s  tiis f r a c c i o n  f r o n  s o i l  i n g e s t i o n .  
ii These pachways ars d i r e c t l y  fed by r e s u s p e n s i o n .  I n  t h e  
f c a s e  of p l a n t s  ( p r o d u c e ) ,  nearly a l l  of t h e  ciose carnes 

k rneac a n d  m i l k ,  a f r a c t i o n  i s  from ths a n i m a l ' s  i n g e s t i o n  
$ o f  s o i l ,  b u t  we n e g i e c t  c h i s .  T h e  r e m a i n i n g  w a t e r - i n d e p e n d e n t  
!! pa!LhVJd.js are  e x t e r n a l  dose ana c i i r e c c  i n g e s t i o n  of 
3 c o n t a m i n a t s d  s o i l .  !rlater-ciependsnt pathways are i n c l u d e d  
# i n  t h e  complement,  buc t h e s e  are  assumed t o  be n e g l i g i b l y  
ii dependen t  on r e s u s p e n s i o n .  
Sresusp,frac($fie~la[~O~l 1 [$->I = = - - $ f i e l d [ 4 1  + $ f i e l d [ 8 ]  + $ f i e l d [ l O l  

p r i n t  STDERR " $ f i e l d [ O ]  : S f i e l d [ 4 1  $ f i e l d [ 8 l ? n ' ;  

from. f o l i a r  d - . p o s i t i o n  racher t h a n  r o o c  u p t a k e .  For 

- ~ . . ~ 
.~ . .  

i $ f i e l c i [ l 2 ]  ; 

Risk Assessment Corporation 
"Setting the standard in environmental health" 
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# Now searcli f u r t h e r  i n  t h e  f i l l  t o  l oca t e  t h e  RESRZD-calculated 
t S.AL v a l u e s  for t h e  p r i n c i p a l  r a d i o n u c l i d e s .  T h e s s  are  c h e  values 
# d e t e r r n i n s c i  by  t n e  1 5  rnrern maximum a n i i u a l  d o s e  c r i t s r i o n .  

$ f o u n d  = 0 ;  
while ( $ l i n o  = <SUBII.WRY>) 
( 

R----------------------------------------------------------------- 

. L  

i i  ( $ l i n e  =- ? ' S i n g l e  R a d i o n u c l i d s  S o i l  G u i d e l i n e s : )  
( 

S f o x x i  = 1; 
l a s t  ; 

) 
) 
d ie  " P a t t i r n  / S i n g l e  R a d i o n u c l i d e  Soil G u i d e l i n e s /  n o t  f o u n d "  

for (l. .l ' ,) ( $ l i n e  = <SUI.II%\RY>; ) k s k i p  4 l i n e s  
%sal-array = ( 1  ; # s to rage  a r r a y  
f o r  S i  (l..?) f! i t e r a t e  o v e r  chz 7 l i n s s  of  the G u i d e l i n s s  t a b l e  
( 

i f  ( $ f o u n d  == 0 ) ;  

$1 i n s  .:Siii+I.;p.k-> ; 

ci ;om~ S I  i n s  : 
$Lint =- si" [ I + - / / ;  X rsmovi i n i t i a l  s p a c e  c h a r a c t e r s  

@ f i e l d  = s p l . 1 ~  :[  \ t l + - / ,  $l i~?.e;  
$!.i::s =-  s i [ * ]  ' ? g ;  k rern071s as t - r i sks  

% s p l i ~  t h o  l i n e  z i t  s p a c e s  o r  t a b s  
t and p a c  c'ns f i l l c i s  i r i  an a r r a y .  

= s f i s i 3 [ 0 ] ;  
shifc i ? f i . e i c i ;  6 s h i E c  p a s t  ra6.ioi:ii=lici2 r.aml 
s h i f t  i > f < l L : 1 ;  = c i i scarc i  1 9 7 1  ...;a.iut 
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system "copy c: \,\resrad\\summary.rep ..nul"; 
syscem "copy c: \\resradi\concent. rsp >nul" ; 

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

# Restore DINEMSON.DAT file in directory ?iiESRXI 
# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

open( DIMENSON, 

for $d (@Dimenson) 

">$RESRkDqath\ \DIMENSON. DAT" ) 
I I di? "Cannot open DIMENSON.DAT for restoration"; 

t 

1 
c 10 s s D I MEN S ON ; 

print DIFIENSON "$d" ; 

system "cop!; SRESRrD_path\\sununary. rep $Working-directory\\summary. rep" 
if ( $ n x  == 1); 

I 



A-22 

d i e  " D i s t r i b u t i o n  c p ~ e  n o t  found i n  s u b r o u t i n e  sample"; 
1 

1 
recurt?  (Srt.7) ; 

1 

local (Si, SEound = 0 ) ;  
f o r  s i  ( 0  . . $111-2) 
( 

local ($xO = $ $ p x t a b [ $ i  
local ( $ x i  = $$p:ctab[$i 
n e x t  i f  ( ! ($:< :.= $xO &L 

local ($yo = $ $ p y t a b [ $ i  

! 
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# Other  v a r i a b l e s  
l o c a l  $ r a t i o ;  
$yea r -o f - f i r e  = 1; t g l o b a l  v a r i a b l s -  t o  hs c a l c u l a t s d  
l o c a l  ($N = 1 0 0 0 ,  $1.1 = scalar GBurn-arsa) ; 
l o c a l  $ E ,  $ g ;  # random modi fy ing  f a c t o r s  
l o c a l  $rn; # random i n d e x  fo r  b u r n  area 
l o c a l  Si; 
l o c a l  $ u ;  
l o c a l  Sr temp;  
l o c a l  $ c h i - s t a r ;  

$ r a t i o  = 1; 
f o r  ( S i  = 1; $1 <= $M; Si++) 
( 

$u = r a n d ( l . 0 ) ;  
n e s t  i f  ( $ u  > $ p ) ;  # no f i r e  i n  y e a r  S i  - -  proceed  t o  n e x t  y e a r  

# O t h e r o : i s e ,  t h e r e  i s  a f i r e .  Compute modi fy ing  fac tor  $ f ,  
# which i s  t h s  r a t i o  oE a random burn  a r e a  based  on r e g i d n a l  
# s t a t i s t i c s  t o  t h e  area a t  r i s k  on t h s  17F s i t e :  

$rn = i n t  r a n d ( $ n f s ) ;  # random i n d e x  f o r  @firestream array _ _  
$rn = $ n f s - ?  i f  ($m >=  $ n f s ) ;  
$ c h i - s t a r  = $ f i r e s t r e a m [ $ m l ;  

$ concs l i c ra t i f i n  (Bq m A ( - 3 ) )  p e r  u n i t  f l u : <  from t h e  c i r c u l a r  
t b u r n  a r e a  ( m g  m A ( - 2 )  ~ ~ ( - 1 ) )  

$ u  = r a n d ( l . 0 ) ;  

$rtenl? = ( L.0  i- S c h i . - s t a r  * S D e l t a - r  i $-~ .~r -conc-3000)  

i f  ( j r c e m p  i S r a L i o )  

5raz.i.o = srczzin; 

$g = 0 . 5  ‘ $ u  + 1.1.0 - S u ) ;  

- sg s x p j  - j a l D h a  ( S i - L )  ) ;  

i 

$ y e a r - c f - ? i r s  = S i ;  t sec c;lobal T~3ria:;l.S 
1 

) 
$ r a t i o  = 1 if  ($ ra t . i a  < L ) ;  
r o t u r n  S r a t i . 3 ;  

1 
k ( ( ( - -  Enci f i r e - f l u x  r s p l a s e m e n t  

- 
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DO-GRAPH-PL 

# usage for ASR 
P usage perl do-graph.pl mc 
# the files mcsal.dat, which is a copy of mcsal.prc must be in thz 
t default directory 
# end usage ASR 09/27/99 

die "Usage: do-graph.pl name-field" i E  (scalar 8ARGV ! =  1 ) ;  
$name = $ARGV(O 1 ; 
if (-e "$(narns)graph.dat") ( system "erase $(name)graph.dac"; ) 
$N = 5 0 ;  tl 1 + number oE points plotted per logarichmic decade- 
$factor = exp( log(10) / $N ) ;  
$Pu = 1 / $factor; 
do 
( 
BEGIN-LOOP : 

$Pu * =  $factor; 
$cmd = "type $(name)sal.datlperl srati0.p 
$cmd . =  "Iawk \"\(print l - \$ l \ ) \ag l*o;  
open (FEEDBhCK, Scmd) I I die " C a n n o t  open 
$- = <FEEDBACK>; 
chomp $-; 
$P = $-; 
goto BEGIN-LOOP if ( $ p  <= 0); 

SPu 1 p e r l  ccmprob. p1 1.0" ; 

FEEDBACK" ; 

sys tern " awk \ " BEGIid ( p r i n t  Pu , $p \ " > > $ ( nam5 1 grap!i . c13 c " ; 
) until $PU >= 1 0 0 0 0  I I $p == 1 ;  

open(TEMP, "<$(name)graph.dac") I I d i a  "Cou lc l  n o c  opsn S[r-.ame)gra~~i~.dac for 
input" ; 
8x = ( )  : 
@ y  = 0; 
GET-TEMP : 
while ($line = cTEIM?>) 
( 

chomp $line; 
$line =- s / " [  1 t / / ;  ii remove initial spaces  
@field = split / [  \ t l + ; ' ,  Siine; 
$field[ll =- s i [  ] + / i g ;  
n e x t  GET-TEMP if ($field[Ol <= I) 1 1  SfielJi?l .:= .I 1 1  $ E i s ! d [ O i  sc l  "0" 

push @ x ,  S f i e l d [ O ]  ; 
push @ y ,  S f i s l d [ l l ;  

I I $field[l] eq " O S s ) ;  

) 

$nx = scalar @x; 
close TEi.IP; 

8 Tabulate x-:ialues corresponding 1s 5 9 ,  l o % ,  2 2 % ,  d r l C ' .  5 8 %  
@pO = ( . 0 5 ,  .I, . 2 ,  . 5 ) ;  
@ X O  = 0; 
$np = scalar @DO; 
for Si ( 0  _ .  $ n p - 1 )  
( 

Sp = $ p O [ $ i l ;  
JCXIT : 
for Sjcric (0 . .  $n:<-L) 
( 

Sj = S j c r i c ;  
last JCRIT if (jy[$jcricl > S p ) ;  



Task 5 :  Independent Calculation 
Fi n a I lie tior t 

$ x i  = $ x [ $ j - l ]  + ~ $ x ~ $ j l - $ x ~ $ j - I l ~ / ~ $ y [ s j l - $ ~ ~ $ j - l l ~  

push (3x0, $ x i ;  
* ( $ e  - S y [ $ j - l l ) ;  

I 
open (TENP, " > $ ( n a m e )  t a b l e .  t x t "  ) I I d i e  "Cannot open $ ( n a m i l  t a b l e .  txt for  
o u t p u t  'I ; 
f o r  $ i  ( 0  . .  $ne-1) 
( 

I 
close TEMP; 

p r i n t f  TEPIP " % . O f  % % \ t % G \ n " ,  $ p o [ $ i ]  1 0 0 ,  s X o [ $ i ] ;  

# Determine p l o t  area f o r  g r a p h  
J M  I M : 
f o r  $ j  ( 0  . .  Snx-1) 
( 

$jmin = $ j ;  
last J M I N  i f  ( $ y [ $ j l  >= 0.01); 

I 
$ jmin-- ; 
$jmin = 0 i f  ( $ jmin  < 0 ) ;  
$xmin = $ x [ $ j m i n ] ;  
$ p i n  = 0 . 0 1 ;  
mu : 
f o r  ($jmax = $nx-1;  $jmax >=  $jmin+L; Sjmax--) 
( 

1 
$jmax++ u n l e s s  $jmax = =  $n:c-1; 
$x iax  = $ x [ $ j m a x ] ;  
$ p a x  = 1; 
$xminsower  = i n t  ( Log ( $:..inin) / l o g  (10 \ ! ; 
i f  (lO**$:imin_power 1. $:.miin) ( $:i.min_go;..j.~:~--: ) 
%$pin-power = i n c (  log(Symin)  /:log(?C) ) ;  

# i f  (10**$yni inqower :. $>-mini  [ $lpin-gsv!sr-- ;  ! 
Sxmaxjower = i n t (  l s g ( $ x m a x ) ~ l o g ( L 0 1  j ;  

i f  (1O**$xmax-~~ower < $xmax) ( $:tm.a:.:_p3i.:s~i-.-; ) 
#$ymax_power = i n t (  log(Symai:) iLog(lO) 1 ;  
# i f  (10**$\/ma:,:-power .< $ymax && j.ymai: < =  i . i  { j.,.n!a:-._:).?:j=,ri(.; 1 
$xinin = 10*t$i:min-po:,ver; 
$ m a x  = lO**$:ima:cqower; 

l a s t  JMAx i f  ($y[$jmaxl  c I); 

A-25 

t; R u n  jg raph  ca 
C o r  :l.r t ' s /! r . r  

ds:istom " j g r a n h  

compute t h e  PoscScripr,  ti!.: o f  z h ~  c j r i i i 3 h  

version, comi:isnc C T I L S  J U C  

.:$(name) grap!! . j g r  > $  (nsme i :;rap!i. p s "  ; 

. .  
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exit ; 



Task 5 :  Independent Calculation A-27 
Filial Report 

CUMPROB. PL 

# ! / u s r / b i n / p e r l  -w 
ti Usage: curnprob.pl x < d i s t - f i l e  > v a l u e  of  CDF a t  x 

die  "Usage: cumprob.pl x < d i s t - f i l e "  i f  ( s c a l a r  @ARGV ! =  1 ) ;  
$x = $ARGV[O] ; 
$max-less = -1E90; 
$rnin-greater = 1 E 9 0 ;  
$N-less = $N-greater = 0 ;  
@xi0  = 0 ;  
whi le  ( <STDIN>) 
( 

chomp $-; 
$- =- s / ' - ' [  I + / / ;  # lose i n i t i a l  spaces 
@ f i e l d  = s p l i t  / [  \ t l + / ,  5-; 
push @xiO, $ f i e l d [ O l ;  

1 
$nx i  = s c a l a r  @xiO; 
@ x i 1  = s o r t  ( $a <=> $b ) @ x i O ;  
$ximax = $ x i 1  [$nxi-11 ; 
$ximin = $x i1  I O ]  ; 
f o r  $ x i  (@xi11 
( 

i f  ( $ x i  == $ j o  

( 
i f  ( $ x i  == $simax) 
( 

SN-1- " S S + f ;  

} 
e l s i f  ( $ x i  == $ximiti) 
[ 

$N-greater++;  

e lse  
( -  

$ N - l e s s  +=  0 . 5 ;  
$N-greater += 0 . 5 ;  

Risk Assessment Corporation 
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SRATIO. PL 

ti ! /usr/bin/perl -W 
# sratio.pl calculates the distribution of the sum of racios given 
# an estimate of Pu-239+240 in the soil, using ratios of the isotopes 
1: in the year 2000 and the distributions of soil action levels for 
# the several isotopes. 
# 
# Usage: sratio.pl Pu-239~240 in pCi/g <SAL-table >S-ratio-distribution 

die "Usage: sratio.pl Pu-239+240 in pCi/g <SAL-table >S-ratio-dist" 
if ((scalar @ARGV) ! =  1); 

The following data are isotope-specific ratios relative to 1 p C i  
of pu-239+240 in the soil in the year 2000: 

%isorat = ( "~m-241" => .11123, "Np-237" => 7.855E-7, "Pu-238" => .01319, 
,*pu-239" => .8428, "Pu-240" => .1572, "Pu-241" => .798d, 
"Pu-242" => 7 . 6 1 6 E - 6  1 ;  

$Pu-239-240 = $ARGV[O]; 
for $i (1 . .  6 )  { $line = <STDIN>; 1 
chomp Sline; 
@isoname = split / [  \t]+/, $line; 
$niso = scalar @isonam..; 
Pihiis (Sline = <STDIN>) 
{ 

chomp $line; 
jline =-  s / ~ [  I + / / ;  i! lose any initial spaces 
Qficld = split / [  \t]+/, $line; 
last if (scalar @field < Sniso); 
Ssratio = 0; 
for $i ( 0  _ .  $!-!iso-l) 

$name = $isoname[$i]; 
$name =- s / [  \tl//; 
Ssratio += $Pu-239-240 * Sisorat($name) / SfieldISil; 

1 
die "sratio is zero" if (Ssratio == 0); 
print "$sratio\n" ; 

1 
exit: 
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APPENDIX B 

ALTERNATIVE GROUNDWATER DOSE CALCULATION FROM 
MEASUREMENTS BY LITAOR 

B.1 INTRODUCTION 

The groundwater pathway for plutonium isotopes used in this radionuclide soil action level 
(RSAL) analysis begins in the year 197 I .  Contaminant concentrations i n  the aquifer are initially 
at zero and become contaminated only after leachate from the contaminated zone reaches the  
aquifer. Using the RESRAD model, contaminant travel times from the Contaminated zone to the 
aquifer were greater than 1000 years for the plutonium and americium isotopes. Because the 
maximum dose for all scenarios occurs in the first year of exposure (year 2000), doses from 
groundwater sources are zero for all scenarios. As explained in Section 9.2.2, adding the 
groundwater pathway with the  1 m y-l irrigation rate actually decreases the RSALs because the 
additional water from irrigation depletes radionuclides in the contaminant zone faster than 
without the water. 

Unpublished measurements made by I .  Litaor et al (1999), however, have indicated 
plutonium and americium are already present in  the groundwater underlying the  Rocky Flats 
Plant (RFP). Transport mechanisms not considered in the RESKAD model (and most 
grounclwater transport moclels) are suspected to be the driving force behind the migration of 
plutonium to the groundwater. Therefore, i t  is not possible given the time and budget constraints 
of this project to incorporatc these processes in  the KSAL calculation. Nevertheless, we believe 
some asscssment of the groundwater pathway should be made using the data compiled by Litaor. 
Appstidix 9 provides such an assessment. We attempt to put the groundwater pathway into 
perspective by computing ingestion doses assuming the Risk Assessirrcirr Corporlitiotz (RAC) 
cxposure scenarios and the measured concentrations. These results provide soine measure of the 
potenlial impact of groundwater doses on the IISALs. 

13.2 PLUTONIUM AND AMERICIUM MEASUREMENTS IN GROUNDWATER 

Litaor and colleagues have been stud 
~ ~ 

--. = .-_ -. ~ = 
- . * _ . - _  

~~ ~ ~ 

- -  .~ ~ ~ - . .~ . . ~ .~ 
~~ = ~~. ~. 

lutofiiiunr in>soi I-around--the=REl? =-- __ 
over the lust 5 years (Litaor et at. 1998, 1996, 1995, 1994; Litaor and Lbrahirn 1996). In a11 
unpublishcd draft of his work, he reports ""Pu and '"Am concentrations i n  interstitial pore watel:, 
runoff, and seep water. These measurements were made during the spring and early summer of 
1995, where in surface soils, norinally unsaturated and aerobic conditions became saturated and 
probably unaerobic during an unusually wet period covering 65 days. A calibrated numeric 
groundwater model suggested that 103,000 in' -of water was disch:irged through the outI?o\v 
boundary. The numeric simulation agreed extremely well with measured effluent dischargc froni 
a holding pond that presumably collected all the upslope groundwaler llow. 

Litaor observed that most of the plutonium (-90%) i n  pore water was associated w i t h  
col loicls (0. I n m  to 0.45 pin) and larger particles (>0.45 pm). However. as chemical conditions 
changed to anackbic, more plutonium ( -25%) \viis associatcd with the dissolved phase (particles 
< I nm). I[ W;IS suspected that prolonged saturated conditions coupled \villi reducing conditions 
lccl to enhanced dissolvecl phase actinide migration for ;I brief period of tiinc. 

Risk Assessment Corporation 
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The groundwater model i n  RESRAD does not account for colloidal transport, nor is i t  
capable of incorporating geochemical changes or transient infiltration events such as those that 
occurred i n  the spring and early summer of 1995. To account for these deficiencies i n  the 
RESRAD model. we have included this alternative groundwater assessment. This assessment 
uses tlie data measured Litaor, combined wi th  drinking water ingestion rates uiid ICRP 
Publication 70 dose conversion factors lo calculate the doses one would have received had they 
been drinking water discharged from tlie site. We do not attempt to include this assessment in the 
KSAL calculation. To do so would require a complete reevaluatiou of the scenarios and other 
factors that affect action levels. These dose calculations are presented here to (a) address dose 
impacts from the site as it currcntly stands and (b) address deficiencies in the RESRAD 
groundwater model. 

B.2.1 Conceptual Model 

Litaor measured concentrations in interstitial pore water in eight soil horizons ranging down 
to a depth of 6.6 m and also i n  seep water and surface runoff water (Table B-I).  We do not 
believe its a credible scenario for someone to consume interstitial pore water near tlie surface (<3 
m) because most of the time these soils are unsaturated and, therefore, i t  would make little sense 
to drill ;I well into these layers. Below this depth, water tends to be present i n  places year round, 
depending on localion. A scenario where someone drinks surface runoff is also not considered to 
bc credible because this would most certainly be an unreliable water source. The scenarios 
considered theii involve water consumption from three sources: a well drilled do\vn to a depth 
>3 m, seep \v;itc"r. and discharge water from the study area. 

To coiiiputc tlie concentration i n  w i t e r  discharged from the study area, we divided the  
plii~oniuni aiid ;rniericiuni [ l u x  estiinated to have been released from the area (24 aiid 4.3 MBq, 
respcctively) by  the total amount of water discharged during the measurement pcricd ( I x 10' 
i i i3 ) .  This calculation results i n  water concentrations of 0.0087 pCi L-' and 0.001 5 pCi L-' for 

Pu ;I nd ' ' A m, rc s pec t i ve I y . 339/1-10 

'lahlc B-1. Concentrations of z.3'"4''Pu and "'Am in Pare Water, Seep water, and Runoff as 
h4easurecl Iiy Litaor" 

&,,til b,leitll 2:i'j/240pLl Mil1 2j9/ lJo Pu Max L39'140P~~ Mean ""Ani M i n  ""Am Mas ""Am 
(1111 (pCi L-') (pCi L-') (pCi L-') (pCi L-') (pCi L-') (pci L-') 

<0.2 99.9 I .4s s77 18.5 0.137 17s 
o. 2-0.4 15.2 0.133 2S7 2.22 0.022 40.7 
0.4-0.7 3.33 0.030 62.9 0.sss 0.00 1 9.62 
0.7- I .5 os.;, I 0.0 I C )  3.40 0.115 0.0 1.1 0.444 
I .5-2.0 0.25j  0.067 0.999 - 0.052 ' 0.007 0. I30 
2.0-2.7 0.270 0.003 I .33 0.04 I 0.00 1 0.1 15 
2.7-4.2 0. I07 0.00 I 0.666 0.02s 0.003 0. I 15 
4.2-6.6 0.059 0.0 IS 0. I92 0.027 0.007 0.1 15 
SW-53  7.29 0.777 I7.S 1.23 0.093 3.15 
Ruiioff 20.7 0.007 77.7 3.70 0. I37 21,s 

- - -  

.' Concentr;itions \\'ere converted from hecqiierels per liter to picocuries per litcr. 
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Doscs were calculated for an adult, child, and infant. We used the same water ingestion rates 
for these receptors as defined by the RAC scenarios. That is, water ingestion rates of 1, 1.5, and 
2 L d-l for 365 days per year were used for the infant, child, and adult rancher scenarios, 
rcspectivcly. We also assumed no filtration was in place so that all suspended plutonium in  water 
w a s  ingested regirdless of particle size. ICKP Publication 70 ingestion dose conversion factors 
were used tlirougliout the calculation. 

B.2.2 Results 

Measured activity concentrations decreased as a function of depth. Consequently, the deeper 
the well, the lower the annual dose (Tables B2 through B-4). Doses'froni the ingestion of seep 
water were highest and ranged from a minimum of 0.56 mrein to a maximum of 13 inrem for the 
adult receptor. Doses were higher'for adult compared to the child or infant because of higher 
water ingestion rates. Doses from the ingestion of discharge water ranged from 0.0057 mrem for 
the infant to 0.0067 nirem for the adult. These doses would be close to those received by offsite 
individuals who drank water from one of .the reservoirs (Standley Lake) that receives water from 
Woman Creek because it represents mean concentrations in  the water discharzed from the site. 
Doses lrom the ingestion of well water were less than 1 mrem. 

There are currently no receptors who consume seep or well water at the site. This calculation 
is intended to put the potential for radiation dose from groundwater sources into perspective. 
While we believe the likelihood of using groundwater at the site as a primary drinking water 
source in tlie tie;ir future is small, doses from drinking such water are near the 15 mrem dose 
l i m i t .  12adionuclides in well and seep water are transient in nature and the incasurenients 
represent upper hound values that were measurecl during a 65-day period while saturated 
conditions existed i n  the soils. These conditions do not represent typical conditions at tlie site and, 
thcrzforc. hcse doses must be considered as upper bound estimates, at least i n  the current time 
frame. nased on these calculations, additional study and environmental monitoring is 
re:commeticled to ;mure radiation dose frorn the groundwater pathway lor future receptors is 
ini t i  i mi zed. 
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A 111- R 1 i ni t i t  11 n i  
2.1 I 2.1 I 

:\Ill- hle:1n 

\Vel1 ilel~tlt nr Iit1:int Cliilil Adulr Inl'nnl Child Adult 

source (tiireiii) (iitretiil (iiireiii\ (mreiit) (nireiii) (iiirettt) 

2.7-4.2 111 0.0 I1 0.012 0.015 0.0013 0.0012 0.0014 

-1.2-6.6 t i 1  0.0 I4 0.012 0.014 0.0037 0.0033 o.onw 
S \ \ - 5 3  0.6 I 0.55 0.65 0.046 0.041 0.049 

I>iscliarce W:iw 0.00077 0.0006c) 0.00053 N/A NIA K I A  

Radionuclide Soil Action Levcl Indepenclent Review 
Task 5:  [ndcpendent Calculation 

24  I 
Alii-ivliixitnii ti1 

Infant Child AJult 

(tiirein\ (nireiit) (nircrii) 

0.057 0.051 0.060 

0.057 0.051 0.060 

1.6 I .4 I .7 

SIA NIA NIA 

Wcl l  tlepih or 

soit rce 

1.7-4.2 

4.2-6.6 

S\V-53 

Iliscliarge Water 

Table B-4. 'I'otal DrinkinE \\'ater Ingestion Doses froni Ainericiuni and Plutonium 
1nral-X.lt.art To~:il-hlinirnuni 

Infiitit Cliiltl Atlult Infant Child Atlult 

ltiuetiil (itireni) (iiirem) (inretii) (mlernl (mretn) 

0.075 0.071 0.085 0.0019 0.0018 0.0021 

0.047 0.045 0.053 0.014 0.013 0.016 

4.7 J.5 -5.4 0.49 0.47 0.56 

0.0057 0.0054 0.0067 

Total-Maxi tiiuni 

Infant Child A d u l ~  

inirenl) (iiireiil) (iiireni) 

0.43 0.42 0.50 

0.17 0.16 0.19 

12 II 13 
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APPENDIX C 

EVALUATION OF BACKGROUND CONCENTRATIONS OF 
PLUTONIUM IN THE ENVIRONMENT AROUND THE ROCKY 

FLATS PLANT 

This appendix originally appeared as Appendix H of the final report on Task 4 of the Rocky 
Flats Dose Reconstruction project: S.K. Rope, K.R. Meyer, M.J. Case, D.W. Schmidt, T.F. 
Winsor, and M. Dreicer, Tusk 4: Evuliinrioii of Historicnl Eiz\1irorznientul Datu, RAC Report # I  
CDPHE-RFP- 1997-FTNAL ( 1997). The principal contributors to this appendix (in alphabetical 
order of their last names) are Helen A. Grogan, Susan K. Rope, and Duane W. Schmidt. The 
appendix is included here with their permission, verbatim, its original formatting and units. Only 
the headers and footers have been changed to retlect its inclusion in the current report. The reader 
will f ind  some references i n  the appendix to other sections in  the original report. 
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APPENDIX C 

EVALUATION OF BACKGROUND CONCENTRATIONS OF 
PLUTONIUM IN THE ENVIRONMENT AROUND THE ROCKY 

FLATS PLANT 

This appendix provides furthcr details about the information picsenlecl i n  Chapter VI11 of 
this report. We describe so~irces of environmental plutonium around the liocky Flats Plant (IiFP), 
the isompic composition of global fallout compiircd to Rocky Flats plutoiiium, temporal trends i n  
global fallout, and measured background levels of plutonium in soils around the IiFP and across 
tlic United States. 

A varicty of units have been iised i n  the literature for expressing concentrations of plutonium 
i n  soils a i d  other media. W e  h i i w  tried to avoid confusion by converting reported coiiceiitratioiis 
to Si units (becciuerels per kilogram [Bq kg-'I, bccquerels per square meter (By ni-ll, or 
becquerels pcr liter [;Bq L- ' ] )  when comparing different sets of \faIues. The units used i n  the 
original source document ;ire also soinetimes provided. tn some cases. especially when we ;ire 
mostly interested in tlic relative results from ;I single study. only the units I'rom the original source 
documelit ;ire provided. To coiivcrt va l~ i cs  to diffcreiit units, consult l a h l e  1-1- I 7  i i i  the Anncx to 
this appendix. 





c-4 Radionuclide Soil Action Level Independcnt I< L\  1 .  le\\' 

Task 5 : Indc peiidcn t Ca Icu la t i on 

Global Fallout from SNAP 9A Ihrnup 

In Apr i l  1964, a Transit Navigational Satellite was  launchcd from California. Part of the 
payload was an auxiliary power generator (called SNA4P 9A), which contained 17 kCi (6.3 x IO" 
Bq) 23sPu (llarley 1979). The rocket system failed, and the satellite reentered thc atmospherc in  
the southern hemisphere, burning up upon reentry ;it about jO-kin (30-mi) altitude. Esscntially all 
of the plutonium activity was '3sP~~.  The first arrival in  the northern hemisphert: o f  "'Pu fallout 
from the satellite burnup was measured in early 1966 in Italy. This source of plutonium 
contributes a small amount to the background total plutoniiim in  the RFP area (see Table H-2 foi- 
;I general comparison). 

1,ocalized Sources 

A number o f  sources o f  localized plutonium exist in the envitonment, including both 
releases from nuclear processing facilities a i d  releases from other accideiits (Harley 1979). 
Releases from localized sources are confined to the lower atmosphere aiid. thus, are not Slobally 
distributed. The Nevada Test Site (NTS), in southern N e \ x l a ,  w a s  ~isecl for test cletoiiations of 
small nuclear weapons up th rou~ l i  I96 I ; safe15 tests iii which the high explosives in  nuclear- 
weapons were de ton a ted ( LV i t h p I u to ii i u in i ii t I IC t cs led de v i  c c )  ; PI o\vs h ;I re e s p I o s ions (us i 11 g 
nuclear explosions for peaceful piirposesi: aiid acciclental vcntiiig of iiriclcrgrouiicl wcapons tests. 
A cons i deriibl c ;iiiioii n t of ii 11 fi ss ionecl p I u t  on i ti 11 I w a s  el i s t ri bu tecl fro iii these 12s 1s. h.1 ;i te r i ;I I fro 111 

the NTS was distributed at Ic;ist as  f;ir away ;IS Salt L ~ k r  City. Utah (abo~it 600 kirr (370 nii I I'rom 
the NTS), and i t  inay have contribirtccl sin;tll ;liiiouiits to the plutoiiiuni cleposition in ColoI~icIo. 

I he chcniical explosives in  nuclcir ncipons csplc&cl in t \ \ : ~ )  incidcnts, I.oIlc)wiiig crashes of' 
U.S. military aircraft. The first occu r id  iii Paloiiiares. Sp;iin. iii 1966. :inel tlic second i n  TIiuIc. 
Greenland, i n  1968. Both resulted in Inc;rl clirprrsioii of plutoiiiuni fro111 the wtxipoiis. 

A number of the U.S. almosphcric riuclcar weeapcm?; Icsts ~ c r c  pcrforincd iii the Pacific 
Ocean, at Bikini and I;newetak htolls. l$cc;iiise large qu:iiitities 01' plutoriiuin \ w i t  ~~roclucecl in  
these tests. there was signil'icaiit I>luIciiiiuiii dcpositccl iii the local ;ire;i arouncl the tests. 

Fnuice, I n c l  i ;I. and the U 11 i tecl K i n ~ d o i i i  t i  ;i \.e ;I I so  re leased s i  gii i f icu i  I cl uii [I t i t i es n I' 11 I Liton i u iii 
to oceans, in cfflucnts and ;IS p;ick:rgzcl u x t e  f o r  disl>osal (Hiirle!~ 1979). I ciiti:ili), a l l  01' this 
inatei-ial h;is reinainecl in  the oce;iiis. 

7 -  

l'alde 1-1-1. Estiniatctl I'iutoniuni Invcntor'ics (kCi) i l l  Soils in 1970:' 

Northern Iirmispliere 1153 I j; 0. I P 0,s 1;. i 2 0.8 
Souther i i  i ic in i s phe [e 10.3 t 2.  I 

Total -320 5 36 7.3 2 0.9 13.4 t 2.2 

(17 2 I4  I .6 t 0.3  

Several U.S. Dzpartment o f  E i i ~ r g y  ( D O E )  \ \ t x p o n g  plants in  the U.S. proccss plutoniiiiii, 
:iiici releases have ncccrrrecl froin s o i i i ~  of thein (Harley i 079). At lhc. Mouncl fircility iii Ohio. :I 
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liquid release of about I O  Ci (4 x IO" Bq) of 13'Pu occurred in  1969 from a break i n  a waste 
pipeline. At the Los Alanios National Laboratory, i n  New Mexico, aboirt 2 Ci (S x 10" Bq) of 
plutonium has been released to canyon waste disposal sites. Releases of plutoniuni have also 
occurred from the Hanford Site i n  Washington (TSP I994), the Savannah River Site i n  Soittli 
Carolina (RAC 1999), and to a lesser extent from the Oak Ridge N:itiotial Laboratory in  
Tennessee (CheniRisk 1993). All of these facilities have becn the subject of separate dose 
reconstruction projects and resulted in more or less localized plutonium deposition. 

Table H-2 summarizes the estimated quantities of plutonium i n  soils i n  1970, based on 
measurements at a number oT locations i n  the northern atid southern hemispheres, that  were due 
to weapons tests and the SNAP 9A burnup (Harley 1979). These values are presented to give a 
rough indication of global inventories of fallout plutonium. In the northern hcnusphcre, 
background plutonium concentrations in soils primarily result from - 73C).1.10 Pit i n  \\:capons fallout. 

ISOTOPIC COMPOSITION OF GLOBAL FALLOUT 
AND ROCKY FLATS PLUTONIUM 

The plutonium processed at tlie RFP is weapons-grade plutonium, consisting primarily of 
PLI. Plutonium from atinosphet-ic nuclear weaporis tests is weapons-grade plutoniuni that lias 

undergone (partial) fission and neutron capture reactions i n  the nuclear explosion. Because of 
these reactions, tlie relative ~ibundance 01' the various plutoriiutn isotopes is altered i n  the 
exploded inalerial. 

Krey and Krajcwski (1972) nieiisured tlie isotopic plutoiiium composition of ;I soil sample 
thought to contain plutoniuni essentially o n l y  I'roiii I<l*'t' rcleasts a t i c l  ;I saiiiplc: I'roin New York 
thought t o  contain only global fattout ptutoliiutii. Isotopic ratios, ielativr 10 -"PLI . L t ~ L  .. - I  c.ompar-ed . i n  

139 

1-,, 

Table H-3. 

' r a w  H-3.  ass Isotopic I<i1tios, i<clat ive to '-'''I~U, for  Soil S:rmpIcs Contuniinatetl t)g  ROC^^ 
Flats I'liitotiiuiii or I)? Clol)al Fallout I'lutoniuni 

? I l l ,  ,2.'" 2-1 1 pil,:.i'/lz,, 2.i2, ,l,,2.1'j,(l s il I n  p I C  '.~"['lr,??'Pu . I u, I'll 

Risk Assessment Corporation 
"Settins the standard in environmental health': 
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i n  a particular soil sample (see also Table H- IO).  The most frequently used ratio is "oPu/'j'Ppu 
because the higher abundance of 240Pu compared to other isotopes results i n  smaller uncertainties. 

TEMPORAL TRENDS IN GLOBAL FALLOUT 

In using backgrolind concentrations of plutonium in  the environnient for comparisons wi th  
concentrations near the KFP, i t  can be important to recognize temporal trends (changes with time) 
in  global fallout. The major temporal trend in  fallout plutonium concentrations is because c i f  the 
timing of the weapons tests, which were the fallout plutonium source. Bennett ( I  97s) summarizes 
the estimated explosive yields of all atmospheric nuclear weapons tests (see Tablc H-4). The 
cumulative yield is plottcd later i n  Figure H-2. 

Table H-4. Summary of Estimated Total Esplosivc 
Yields (Megatons) from Atmospheric Nuclear Tests 

Period Total explosive yield Cumulntive yield 

1945-1951 
1952-1 954 
1955- I956 
1957-1958 

I962 
1964- I970 
1971-l974 
1976-1978 

I 960- I96 I 

0.75 
60.52 
30.79 
8 1.39 

122.43 
217.40 
2 I .23 

6.46 
4. I6 

0.75 
6 1.27 
92.06 

173.45 
195.S8 
5 13.2s 
53-1.5 I 
540.97 
5-15. I3 

We exa in i ne the tc in po ra I trends i n  fa I Io u t p I 11 ton i u I 11 by re v i c: LV i 11 p I noclz I i iig 1 IC cl i c t i o 11 s 
performed by Bennett ( I  97s). We do not rely on these prcclicticui.~ l'or explicit, clu;iiilitati\.e iiscs: 
they are presented to give ;in appreciation of the general trcnds. 

Bennett ( I  978) used this information about thc timing o f  \i'eapons testing. the locat ioiis of 
the  detonations, and iiii atmospheric transport model 1 0  predict 1'aIIc~ut COiiCeiili-;itioii.~ 
plutonium and ainericium i n  surface air i n  the middle latitutlzs ut' the i iortliern Iieinisphcrc. 
Table H-5 shows the predicted air concentr;itioiis of mxn Pu. and Fi:ure El-  I is ;I plot 01' t k s e  

concentrations. The air conceiiti-ations of plutonium froin global fallout v x y  coiisiderably o\'cr 

time. It is important to consicler this tempor;il trend oi' air- ccmcentr;trioris ivhci i  iiieasiirccl 
concentrations around the KFP are comp;ircd to backyrouncl coiiceiitratioirs. Hecausc ol' the 
seasonal changes i n  mixing of air masses, there art: d s o  seasonal trends i l l  I'allout i i i r  

concentrations at ground level (Holleman et 211. 1987). For short-tcrii-1 air coiicentr;ition 
measurements, these seasonal trends should be coiisidei-cg. Because o u r  m;ijor fwus  ot this report 
is soil samples, the seasonal trends are not ex:imined i n  iiiore clctail. 
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Year Coiiceii trat ioii 

1961 0.089 
I962 0.54 
I963 1.18 
I964 0.5s 
1965 0.15 

1 

01 

am 

aan 

Q0301 

Y C X  Coiiceiiiwioii 

I972 (1.032 
I973 0 . 0 2  I 
I974 0.02s 
1975 0.(.1 I 7  
I976 ( 1  . ( I (  1s -: 

1950 1 9 3  1 9 0  1% 1970 1 9 5  1m 
Y W  

731 340 Figure H-1. Predicted surface air concentrations of - 
from global fallout from nuclear weapons testing. Predictions are for 
the mid-latitudes in the northern hemisphere. 

Pu (fCi in-') 

Table H-5. Predicted Surface Air Concentrations of 23y.2'oPu (fCi m_") 
in Mid-Latitudes of the Northern Hemisphere from Glol~al  Fallout 

from Nuclear Weapons Testingd 

Year Concentration 

I950 
I95 I 
I952 
I953 
1954 
I955 
I956 
I957 
I958 
I959 
I960 

0 
0.000 1 
0.0022 
0.03 I 
0.097 
0. I6 
0.14 
0.19 
0.25 
0 . 3 3  
0.1 I 

966 0. I I 
967 0 05-1 
968 0 04' 
969 0 050 
970 ( ). (10 3 
07 I 0 Oh0 

Source: Eeiinett ('1978). 

. ~. ~ .~ . - - -  - - = . - ~ -  _ _ i ~ L  

- = . = =  =i.~._-- ~ 

- . . ~ = ~  ~. ~ . ._ 
- _ _  .~ - - .  . ~. . ~ ~ - -. - -.. ~~~ ~. . ~ ~ 

~~ 

- - - - ~ . ~  
~~~ 

Bennett (1978) also used the atmospheric transpart nioclrl t i )  predict clcp 
cumulative deposition of plutonium and americium i t t  the New York region. These predictions 
are shown i n  Table H-6. The predicted cuiiiiiI;iti\.r clepc)sition of "".'"I'u is plottzcl in  Figure H-3. 
along with the cumulative yield of the weapons tests !'or cc)iiip;irisoii. Tlic prccIic1c:d cutiiii1:itive 
deposition Follows the same general shape as the cuniitl;iti\'z yittltl aftcr tliz lag tiiiie because the 

residence time of the material in  the stratosphex is xcouiited lor-. Tht: tcinpoixl trzncl i i i  tht :  
c i i  inu I a t i ve deposit i 011 o 1' la I Io 11 t p 111 ton i i i  111 s h o i i  1 cl Ix c o ii s i d e ret1 iv h ci i  c o  i n  p i  r i I 12 K F P- 
influenced soil sample results with background rcsults. This trend C;III be especially importuit 
when co m par i 11 g sa t i l l>  I es taken a t  d i f le I-en t t i iiit's . We n ( \  t e t h at the 11 red i c t et1 c 11 init I a t  i \;e 
deposition of I>Iiitoniiiiii from niiclur wcapoiis fallout reaches aboul 90% of its predictd 
maximum value i n  1968, and i t  reaclies 95%: 0 1  in;isiniiim i n  I971 (this is re,lrvant to the 
background s o  i 1 sam p les d i sciissed I ;iter i n  t I1 i s ;I p pc ncl i s j . ,L\ It Iiougl 1 t Iic sc. pi.c:d i c tetl di. posi t ioii s 
are for New York ,  they should ;iIso 1x relcvant ti; the ICI:*'t' iireii bec:uise h o t l i  locations ;ire i n  the 
inidd le lat i tiidcs. 

Risk Assessment Corporation 
"Settins the standard in environmental health ' 



c-s Raclionuclicle Soil Action Level Inclependcnt Review 
Task 5: Indepenclent Calculation 

Table M-6. Predicted Deposition Kate and Cumulative Deposition of 23r.2'0P~ i n  the New 
York Area because of Global Fallout from Nuclear Weapons Testinga 

Cumulative 
Deposition rats deposition 

Year (inti kin-' y-l) (mci kin-') 

1950 
I951 
1952 
1953 
I954 
I955 
I956 
1957 
1958 
I959 
I960 
1961 
I962 
1963 
I964 
1965 
I966 
I967 

0 
0.00006 
0.00 I2 
0.017 
0.054 
0.09 I 
0.077 
0.1 I 
0.14 
0.19 
0.06 I 
0.049 
0.30 
0.44 
0.26 
0. I I 
0.046 
0.042 

0 
0.00039 
0.00 13 
0.0 19 
0.072 
0. I6 
0.24 
0.35 
0.49 
0.67 
0.73 
0.78 
I .08 
1.52 
I .78 
1.89 
1.93 
I .98 

Curiiulati ve 
Deposition rate deposition 

Year imCi km-: y-'1 (nici km-') 

I968 0.02 I 2.00 
1969 0.047 2.04 
I970 0.03 1 2.07 
I97 I 0.029 2. I O  
I972 0.023 2. I3 
I973 0.017 2.14 
I974 0.0 I8 2.16 
975 
976 
977 
978 
979 
980 
98 I 
982 

0.012 2. I7 
0.0075 2.18 
0.024 2.20 
0.0098 2.2 I 
0.0039 7.22 
0.00 I 6 2.72 
0.0006 I 2.22 
0.00027, 7.22 

I983 0.0001 I 7 7? 
I984 0.00006 3 7 ?  

Source: Bennett ( 19781. 
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Figure H-2. Predicted ccimulative deposition of plutoiiium i n  the Ne\\? York area becaiisc i ) f  
- CI 0 ba 1 fa1 loii t from n tic l e x  weapons tcs t i ng . For coil1 pa I-i son, t tie cii i i i c t  la t i \.e L' x pi o s  i vc y ic Id 
of atmospheric \veapons tests is also plotted. 
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BACKGROUND PLUTONIUM IN SOIL NEAR THE ROCKY FLATS PLANT 

This section describes results from studies around the RFP that represent background 
concentrations of plutonium i n  soil. The fire at the RFP i n  1969 caused an increased interest i n  
monitoring soil concentrations of plutonium around the plant. A number of soil monitoring 
studies around the plant were performed or begun i n  late 1969 and i n  the early 1970s. Studies 
were performed by the National Center for Atmospheric Research (NCAR) for the Colorado 
Committee for Environmental Information (CCEI), the Colorado Department of Health (CDH), 
the Health and Safety Laboratory (HASL) of the Atomic Energy Commission, and Colorado State 
University (CSU). In addition, a study by the RFP of background concentrations involves 
sampling at 50 locations. 

The NCAR and CDH obtained surface samples (to 1 -ctn C0.4-in. J maximum depth) and 
reported results as mass concentrations, while HASL obtained samples to 10 and 20-crn (4 and 
%in.) depths and reported results as total deposition (per uni t  area). The shallow depths of  the 
NCAR and CDH samples mean that not all of the plutonium i n  the soil column was samplcd. It is 
not reasonable to convert the mass concentration results of NCAR and CDH to total deposition 
values; thus, the NCAR and CDH results cannot be directly compared w i t h  HASL results. 'The 
CSU study used both surface and deeper soil samples and developed models to describe the so]! 
concentrations of plutonium as a function of depth. 

National Center for Atmospheric Research Study 

The first study was performed by NCAR for CCEI i n  latc 1969 and early 1970. Results \\'c.rc: 

reported first by CCEI (CCEI 1970), with additional results given i n  the I~ter  rcport b y  NC:\I< 
(Poet and Martell 1972). This study sampled soils at 35 locations Ltround the K W  aid i n  t l w  
Denver area and three locations on the eastern slope of the Rocky Mountailis that were tliouglit 10 

contain plutonium only from nuclear weapons fallout. For this study, surface soil s~it i i~~les \\:m 
taken to a depth of I cin (0.4 in.). The background sampling locations are shown i i i  [-igure 1-1-3. 
Results from the background locations are provided in  Table 1-1-7. Analysis ci-rors i s ~ m l m l  
deviations) are included to provide general perspective OH the analytical precisioii. Results were 

= = given-in-units of disintegrations=, ), and we huvc coiivertzcl these to 

becquerels per kilogram (Bq kg 

, 

~- - ._ .~ _ _  - I  

Risk Assessment Corporation 
"Setting the standard in environmental health" 
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Figure I-1-3. Background sample locations in  Colorado established by thc National 
Center for Atmospheric Research. Colorado Department of Health, and Colorado State 
Uni\.ersiry soil studies (after thc 1969 firej. 

CDH Sampling 

Soil sampling around the RFP was also performed by the CDH. Results of monitoring lor 
1970-1977 ;ire presented by CDH (1977 and 1990) and Jones and Zhang (I 994). Samples were 
generally collccted horn 13 sectors near the RFP and up to nine remote sites i n  Colorado each 
year, although i n  some years not all the sites were sampled. The remote site locations arc shown 
i n  Figure H-3. The CDH used its own method to obtain samples for 1975-1988. This method 
included taking 25 individual surface samples at each site and then compositing to form a single 
sample for analysis. The sampling procedures used for years before 1975 were not detailed. The 
s:impling depth has changed over the years, with depth 0.16 cm (0.06 in.) used for 1970-1974, 
0.32 cni (0.13 in.)-for 1975-l9SI, 0.48 cm (0.19 in.) for. 19S6. and 0.64 cm (0.25 in . )  for 1989 
and 199 I (Jones and Zhang 1994). Results from the background locations for I976 and 1977 are 
provided in  Table H-S. Analysis errors (2 ;ire also shown to provide general perspectivc on the 
analytical precision. Results for 1970-199 1 are sumniarizcd i n  Table H-9, although no results for 
these background locations were available for 1974, 1979, 1 %  I - 1985, 1987, 198s. aiid 1990. 
Resdtf; were given i n  units of disintegrations per minute pzr gram, which we Con\wted to 
becqiierels per kilogram i n  Tables El-S arid H-9. 
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Table H-7. Background (Fallout) Concentrations of Plutonium 
in Surface Soil (0-1 cni 10-0.4 in.]) Measured by the National 

Center for Atmospheric Research around the Rocky Flats Plant 
in 1969-1970 

~~ 

Concentration of 23')~140~un 

dpm g-l Bq kg-' 

Locali on Value ~ t d .  de\!." Value Std. dev.b 

Loveland 0.047 0.013 0.78 0.22 
Love land 0.056 0.025 0.93 0.42 
Loveland 0.045 . 0.008 0.75 0.13 
Loveland 0.026 0.006 0.43 0.1 
Loveland 0.043 0.005 0.72 0.08 
Brighton 0.093 0.009 1.6 0.15 
Cripple Creek 0.140 0.027 2.3 0.45 
Cripple Creek 0.052 0.0 I2 0.S7 . 0.20 
Cripple Creek 0.1 17 0.0 I 5 2.0 0.25 

Mean' 0.069 1 . 1  

'' The source document (Poet and Martell 1972) gives results i n  units 
disintegrations per minute per gram (tlpm g ). 
Stcl. (lev. = stanclartl deviation. 
Tlie arithnietic mean has been calculated, i n  this present work. froin tlic 
individual values. 

- I  

II 

Table H-8. Background (Fallout) Concentrations of 23y~24"13~ in Surface Soil 
hleasured by the Colorado Department of Health in Colorado in 1976 and 1977 

(Bq kg-I)'' 

I976 I977 

Crooke 1 .3b 0.2 0.7 0.3 
Limon 0.7 0.3 0.7 0.3 
L i ver more  0.3 0.3 <0.3 

0.3 0.3 I..ovelnnd 
Pcnrose I .5 0.7 0.7 0.3 

c -  

S pr  i ng fie Id 0.3 0.3 0.3 0.3 
W a lsen bu rg 0.7 0.7 L: 

Values were reported i n  units disintegrations per minute per gram i n  the source document 
(CDH 1977). Sampling depth for t h e  years was 0.32 cnl (0. I3 in.) .  

NO saiiiple was taken at  tliis location i n  1976. 
" .i\vcrage of two saliiples. 

Risk Assessment Corporation 
"Settino the standard in environmental health' 
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Table 1-1-9. Background (Fallout) Concentrations of zs'7z4"Pu i n  Surface Soil Measured 
by the Colorado Department of Health in Colorado i n  1970-1991 (Bq kg-I)" 

I-oca t io 11 1970 1971 1972 1973 1975 1976 1977 1978 19SO 1986 1989 1991 

Burlingtoil 1.5 1.8 1.7, 0.8 0.3 1.2 c0.7 0.7 4 . 3  1.7 0.5 
Crooks 0.7 2.2 1.8 0.8 1.3 0.7 1.2 ' 4 . 3  0.7 0.7 

2.3 I-Itterl'aiio Butte 
Limon 2.2 1.0 1.2 1.0 0.7 0.7 <0.7 0.7 c1.2 0.5 1.0 
Li verniorc 0.7 <0.7 1.2 0.7 0.3 ~ 0 . 3  0.7 <0.7 <0.3 1.3 
I,oveland 1.8 1.7 2.0 0.3 <0.7 ' <0.7 c0.3 c0.3 
Penrose 1.8 1.3 1.8 1.0 1.5 0.7 2.2 c0.7 0.3 2.5 
Springfield 0.7 1.5 2.0 <0.7 0.7 0.3 0.3 4.5 0.7 < I 3  cO.2 1.3 
W a I sc 11 b ti rg 1.8 I . ?  1.8 0.8 0.3 0.7 c0.7 I' c0.7 1.7 0.8 

b b h b b b b b b b I, 

Values werc g v c n  in units of disintegrations per minute per gram i n  the source documents (CUI-I 1977, CDH 1990; 
Jones and Zhang 1994). Sample depths were 0. I6 cm (0.06 in.) for 1970-1974.0.33- cin (0.13 in.) for 1975-1981, 
0.48 cin (0. I9 in.) for 1986, and 0.64 cm (0.25 in.) for 1989 and 1991. 

I' No sample result was available for this location for the indicated year. 

Health and Safety Laboratory Studies 

Studies of plutonium i n  soil around the RFP by t h e  HASL of the U.S. Atomic Energy 
Coinmission were initiated i n  early 1970. These studies did not separately select background 
sitilpliilg locations as clone in the studics described above. Instead. sample locations were chosen 
at increasing distances from the IIFP, and calculation techniques were generally employed to 
cstiniatc background concentrations. The first study by the H A S L  is reported by Krey and Hardy 
( 1970). Samples were collected in I-ebruary 1970 from 33 sites around the IWP, to distances of 
a h w t  64 km (40 mi), and primarily i n  easterly directions from the site. Figure H-4 shows the 
riumbcrcd locations (1-33) except for some of those close to the plant. Saniples were collected to 
;I dep~ll  of' 30 cm (S i n . ) .  At some locations. depth profile information was obtained by collecting 
samplcs i n  incremental layers to ;I total dcpth of 20 cm (S in.). Based on limited depth profile 
informatioil, Krey and Hardy concluded that less than I %  of the total plutonium in soil was 
clccper than 13 cm ( 5 .  I in.) .  Results from this study were ekpresszd in units millicuries per square 
kilomzter total deposited plutonium based on the assumption that the measured plutonium (to 
deph  of 2 0  cni 1:s in.']) was the total deposited plutonium. Because the studies described earlier in  
this section used shallow sample depths, their results cannot be reasonably compared to results of 
these I-IASL studies. 

Krey and f-lardy ( 1970) did not measure or c'alculate background plutonium concentrations 
in  soil from their I970 sampling. They report ii background concentration of 1.5 niCi km-' 
(,56 Bq n-? hased.on ;I- single measurement i n  I965 i n  Derby, Colorado (Figure H-4). 

Seed et al. (197l)'performed additional analyses on the data of Krey and Hardy to estimate 
the background plutonium concentration. Seed et ai. plotted the distribution of measured 
concrnrrations on log-probabil.ity paper. This plot indicated that the distribution appeared to be 
made u p  01' two separate logiiormal distributions: one that represented samples dominated by RFP 
materinl and otic that represented samples dominated by worldwicle fallout plutonium. The data 
werc st.p;tr;ited into these two subgroups aiid rzplotted. Straight lines (on log-probability plots) 
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Figure H-4. Locations ot' the Health and Safety Laboratory soil sampling around the 
I<ocky Flats Plant. Locations 1-33 were used i n  the  1970 sampling (Krep and Hardy 
1970; Seed et al. 197 1) and the I97 I sampling (Krey and Krajewski 1972). Locations 34- 
43 were added in the  1972. sampling (Krey 1976). Only locations numbered higher than 
27 are shown here. 0 th  locations are closc to the plant. 

~ . =  .-._ .~ - .- ~ _ _  .. ~ . ~ 

~ = =  .~ i= 
- . ~~ - ~.~ ~=-. 

~. = ~ ~. -~ . ... ._ ~~ ~ 
= ~. =. 

were fitted to the data Lo obtai;i- StatiStic;? about the distvibutions. F'ronl the= 
distribution, we determined the background distribution to be represented by ;I median 
coiicentration of 2.3 niCi kin-' (85 Bq in-') and geometric standard deviation 1.16 (Seed et al. 
1: I 97 I I indicated ;in averlige va~ue  of 2.4 nici km-' [ ~ 9  Bq m-'I). 

Krey :inci Krajewski (1973) used isotopic ratios to evaluate RFP and fallout contributions to 
total plutonium i n  soil. In October 197 I ,  they obtained additional soil samples from locations 24 
and 28 of the previous HASL sampling documented in  Krey and Hardy (1970) (see Figure H-4). 
The new samples were taken to a depth of IO cm (4 in.). The sample analyses were for isotopic 
"%I and 2'oPu, in  addition to total 239.2'0P~~. Ratios of 'JoPu to "'Pu were then calculated for the 
samples a t  locations 24 and 28, a s  well ;IS for two "reference" locations known to contain 
p r  i I nii  ri I y fa 1 I ou t 11 I uto t i  i u m and pri niari  I y KFP 11 I LI ton i u i i i .  Because the ratios for RFP plu to ti i u m  
and worldwick fallout plutonium were significantly different, it \viis possible to calculate the 
unou iu  of plutonium that originated from fallout and froin the RFP for locations 24 and 28. The 
to til I Il1e;Is 11 red 231)240 Pu concentrations at locations 24 and 2s were 2.39 (,f3.5%) and 1.67 

~~ 

I 
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(.t2.5%) mCi km-' (SS ancl 62 BCI ni-'j, rcspectively. For these two locations, the concentrations 
I CI that originated from fallout were then calculated to be I .49 and 1.52 mCi kin-' (55  and 

because 01' fallout to be I .5 inCi kin-'' (56 Bq in-'). The remaining 23".340Pu i n  tlie samples 
a p p i r e d  to be clue tci releases from the RFP. 

Krcy (1976) upplied the isotopic ratio methods of Krey and Kra.jewski ('1972) to an 
espaiicled sampling program. In Scptember and October 1972, soil sainples were collected from 
prcvioiis locations 22. 23. 27, and 29-32, and from 10 new locations, 34-43 (see Figure H-4). As 
seen i n  the figure, these locations ranged from ;i few kilometers from the RFP to about 64 kin (40 
ini) from the plant. For this study, sample depth was 10 cm (4 in.), as that depth was thought to 
contain about 90% of the deposited plutonium. For the analysis, Krey also included the results 
from locations 24 and 28 from the previoiis study of Krey and Krajewski (1972). Total measured 

Pu was 1.13-2.87 inCi kin-? (41.8-106 Bq ni-'). From the ratios of '40Pu to deposition ot' 
I u deposition froin the KFP w s  calculated. We performccl the subtraction to 

obtain tlie estimated - Pu dcposition from global fallout. The global fallout deposition was 
I .  12-2.5 1 mCi km-' (4 I .4-92.9 13q 111-'). The mean 239~2'0P1i deposition because of global fallout 
\viis calculated by Krey to be I .7 k0.5 niCi km-' (63 +20 Bq ni-'). Table H-I0 summarizes the  
estiinated backgrounii concentrations of  plutonium i n  soils based on the HASL studies. 

of  139.2-10 , 
56 Bq in-'). Thus, Krey and Kraijcwski estimated the background concentration of '39240 Pu 

139.240 

239pli, 233.240 > 
739.140 

Table H- 10. Suniniary of Determinations of Background (Global Fallout) 
Total 1)cposition of' L"".2'oI'u in Soils within 64 Kilometers (40 Miles) of the Rocky Flats 

Plant, by tlic Health and Salety Laboratory 
' 3'1 240 Dqmhitiw of -- Pu" 

1965 I I .5 56 "13 :IC kgrou ntl" locat ion Krey and Hardy ( 1970) 
1970 33 -.J x!+ 1.16 S5 x/+ 1.16 Log-probability analysis of Seed etal .  (1971)' q >  II . t> 

tlis~ributiori of rcsults 
K r q  and Krajewski 
(1972) 
Krey ( 1976) 

1971 3 I  .50 56 :-r'":''"pLI rat;os 

I972 I9 I  .7 2 0.YI 63 t 20d 240pt,: 2+" 

Kocky Flats Plant Routine Sanipling 

Routiiii: soil sampling for plutoniuni analyses has heen conducted at the RFP from the  1970s. 
The sampling program has changed over the years. so we examine results from a few select years 
to deterniirii. the usefuliics's o f  tlie data to represent background plutonium concentrations i n  soil. 

In 1971, 30 locations were sainplecl on each of three concentric rings around tht: RFP, at I .6, 
7.1. aiid S-kin ( I ,  2. ancl 5-mi) radii (Boss et'al. 1973). Surface sainples werz collected to ii depth 
o f  5 cni (2 i n . ) .  For tlic S-kin (5-nii) I-aclius ring, concentrations of - Pu were 5.7-36 Bq kg . 
Ti le iiiici'rt;iinties in tliese values were i:strcmcIy large. somctiines greater than 100%. 

. '39.240 - I  
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I n  1980, the locations farthest from the center of the site were three locations at the eastern 
boundary of the site. near Iiidiana Street (Hornbachei- et al. I9S I ) .  At each location, nine 
composite saniples were obtained. From the 27 samples at these locations, the concentrations of 

Pu were 28- I50 Bq kg-I . 
I n  199 I, samples were again taken i n  concentric rings, although now only at I .6 and 3.2-kin 

( 1  and 2-mi) radii (,Altinan et ai. 1992). Surface samples were collected to a depth of 5 cm (2 in.). 
For the 3.2-kni (2-111) radius ring, concentrations of - Pu were 0.37-130 Bq kg-I. The 1991 
annual report (Altman et al. 1992) also summarized results from 1984-199 I .  For the  other years, 
so me had h i g he r inax i mu in co ncen t ra t i oils, and one had I o wer mi n i mu m concen t ra t ion s . 

Pu i n  soil were less than 
4 Bq kg-l and, thus, within the range of background seen from other studies. However, none of 
th c sa ni p I i ng I oc at i o n s were spec i f ica I I y chosen to re prcsen t background p I u to n iu m 
concentrations unaffected by releases from the KFP. In addition, analyses of the data were 
insufficient to determine that the measured concentrations were not influenced by plutonium from 
the RFP. Thus, these data from routine sampling by the RFP may. not be as useful as some of the 
other data i n  determining the background concentrations. However, the lowest concentrations 
measured by these studies should provide an indication of background lewls. 

? j c ) . ? N  

730.240 

239.240 From the results of 19S4-I 99 I ,  some concentrations of 

Colorado State University Study 

A CSU sliicly sariipled soil extensively from around the RFP during 1992-1994 (Webb 
19961. This study included I O  background locations along the front range of the Rocky 
h/l i) u n t ;I i I 1 s . I1 o w n i n F i ~ L I  rc 1-1-3. F:u r I lie bac kSrou n cl I oc a t i o n s , t t i  ree d i f fe re n I sa inp I i n g depths 
were used: 0.3. 3. and 21 ciii (0.12, I .2 a d  8 in . ) .  liesults of this sampling are given i n  Table H- 
I I. For the 0 I O  2 I -cni  (0 to 8 i n . )  samples. the result of 3.27 Bq kg-I for location %IO nppeared 
atxior inal ly  h i$  LXC;ILIW results for the other locations are 0.22 to 0.62 R q  kg . Because of the 
sigiiificarit cliffercrice i n  the value for ZIO and the other values, we did not calculate a mean 
concentration for tlic 0 to 2 I-cni (0 to 8-in.) depth. f-lowever, there is no information to indicate 
that the value should be disregarded, and it  is prohahly wi th in  the range of statistical variation. 

A n  estimate of the background inventory (total quantity) of plutonium w;is also described i n  
- ----Webb-~(~1-996.).-i\/Iany.loc~f~o.i!s- .~ ~. {in  .~ acldition to the background locations) around the RFP were 

sampled. At some of these 1ocatioiis.b th-crofile Tat3 were obtained~by   taking sgiliples i n  3-cin 
(I .2- in . j  increments to ;I depth of 2 I cm (S in.). With  concentrations at varying locations and 
depths, CSU cleveloped models to describe the concentrations iis functions of distance and 
direction froni lhe 903 Area and depth i n  the soil. These models were then used to develop the 
following inventory model. which describes the total clzposition of plutonium (Webb 1996): 

- I  

~i 
~ .~~ ~ .~. ~ 

~. ~~ ~ ~ - -  

. . . --.= ~. ._ 
~~. 

. _ = . = ~  . . 

\v hi: re 
PL1 = inventory. or total tlepositioii, of '3i'~2'c'Pu in  soil ;it distance D and direction 2 

from thc 903 Area (13~1 111-'j 

clircction 2 from tlie 003 AEI  (BCI kg-'). 
= concentration of plutonium i n  the 0 to 3-cm layer of soil at distance D and 1. I'll ] :1'; L,,, 

e Risk Assessment Corporation 
5eff ina the standard in environmental health': 
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'I'able 1-1- 1 1 .  Background (Fallout) Concentrations of 
I'u in Colorado Soils Mcasurcd lis Colorado State 

Univcrsity in 1992-1994 (Bq kg-l):' 

Z3Y.?40 

Sa I I I  plc depth 

Location 0-0.3 C l l l  0-3 C l l l  0-2 I GI11 

ZO I 
Z02 
Z03 
Z04 
Z04 
ZO5 
206 

207 
208 

Z09 
ZIO 

206l' 

%OS" 

0.86 
I .52 
I .62 
I .29 

2.33 
0.96 

c 

C 

c 

1.51 

I .43 
2.47 

C 

I .20 
2.10 
I .46 
2 .  I O  

2. I O  
1.14 

3.29 
3.22 ' 

2.07 
2.70 

c 

C 

0.22 
0.35 
0.33 
0.49 
0.46 
0.5 I 
0.43 
0.19 

0.48 
0.62 

c 

C 

3.27d 

W ~ I ~ I  I CM) itsec~ this cc1it;itioti to calculate tlie total quantity 01' background ""PU i n  the 
stird!. ;ire;i (tltis IV;LS total ;ictivity, i n  giga-bccquerel [GBcll). In this present report. \ye perform 
esse tic ia I I y t l ie sui it' C;I IC 1.1 1 ;it io t i .  but we o t i  I y calc LI la Le the i t i  termed iate rzsu I t of avcrage 
Lxickgroitncl ""x' Pit deposition jiii becyuerels per scpiiire meter). This is done by applying thc 
equation ;itiovc to the avcrage background coiiceiicratioti i n  0 to 3-cm (0 to .?-in.) soil. The 
avct-age b:ickgroiind coticetitratioii in 0 to 3-em (0 to I .2-in.) soil is 2.14 Bq k2-l. as used hy CSU, 
mid ;IS s h o w t i  in  Table H- I I .  Thus, the average background dcposition is estimated to be ( 5 5  
kg in-') x (7 .  I 4  fSq k2-I = I I 8  Bcl tii-'. Note that this estimate is based on measured background 
c o ~ t ~ c ~ i t r ~ i t i ~ ~ t i ~  1 . c ~  0 to 3 cm (0. I .2 i n . ) ?  and on models describing thc depth distribution of the 
~iluton i it ti1 i ti soi I. 

EC&G Study 

.L\ sruil!* by tlic R F P  focused on the cliaracterizatioii o f  background soils around the KFP 
(EGbCi IO95). This Uackgroiiiid Soils Ch~iracterizacioti Program (BSCP) included soil sanipling 
at 30 sires re,ttiote trom thc RFf', al l  i n  itticlistiirbed areas along the front range of Color-ado. 
s ;I tiipics wc re ;i ti;i I yzecl  or cot ice ti tr;i t ions of fa I I oii t rati io nuc I idcs, inc I iidi iig 233.140 Pu. lit addition, 
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12 samples werc subjected to isotopic analyses so that ratios of ""Pu LO '"Ppu could be 
detertiiined. The sanipliiig locations, it1 relation to the KFP, are shown i n  Figurc H-5. 

Risk Assessment Corporation 
"Settinu the standard in environmental health' 
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Plutonium-239.240 
concentration (Bq kg-l) 
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c-IC) 
~~~~~~ ~~~ 

At each sampling site, two I m x 1 m (3 .3  x ? . 3  I t )  s c p m  areas were located. From each of 
the two areas, 5 subsamples were taken, froin each of the corners and froin the center, and the I O  
subsamples were composited to form thc sample lor analysis. Each of the subsamples W L I S  rake11 
to a depth of 5 cm (2 in . j ,  using a 10 cni x I O  cni (4 x 4 i n . )  square teinplate. Table H-12 shows 
the  results for each sampling location. For soiiie locations, duplicate soil samples were obtained 
in the field or replicate analyses were pcrformetl iii the laboratory. I n  such cases, tlic values 
shown in Table H-I2  are means of the cluplic;ite or replicare measurements. The result for 
location GM3 deserves fur ther  explanation. The original result for location GM3 appeared to be 
an outlier. The measured concentration, 0.35 pCi g , was 4.6 times higher than the inaximum of 
all other analyscs and about I O  times higher than the mean of the other analyses. To investigate 
the result, two replicate analyses were performed on part of the remainder of the original soil 
sample, and two replicate analyses were performed on a duplicate field sample. The results of the 
four additional replicates were 0.025-0.032 pCi g-', about 10 times lower than the original result. 
It  was concluded that the original result was likely because of a laboratory error rather than to 
elevated plutonium at the sampled location (EG&G 1995). Thus, the original, high result is not 
included in the iiieaii shown i n  Table H-12. 

-I  

' 3 0 . M l  'I'ahlc 1-1- 12. Ikickground Conccntrations o f  -. Pu in Surface Soil 
Along the Front Range, hleasured by EC&C in 1994 (Rq kg-I)'' 

. .- ~ 
~ -- 

.A I .' I 

.A F?_ 
A F3 
I313 I 
R E2 
BE3 
CbI I 
Ci?l 1. 
Ch43 
CR I 
PI' I 
DP2 
DP3 

- _. 

I . 26  
I .O(.) 
0 .63  
I .?7 
I .ss 
I .70 
1.22 
2.04 
0,s I 
0.63' 
1.19 

0.78 

- .. - '2,33 ~ - : ~ =  

S i tc Co iic cii trat i o 11 

0.92 
I .07 

0 . S 9  
2.00 
0.96 
1.41 
0,s I 
I .70 

, 2.18 
I .30 
I .os'1 

2 = 1,00, ~ _.. 

1.22' 

Si 1 c Concc 11 t rat i 011 

.I 1'3 2 .04  
LI-I I I .92 
h,lR I 0.92 
PI4 K 2 3 761' 
MI13 I .09" 

PI' I I .54" 

h4W I 0.85 
ivl w 7 0.96 

rr<i 1.15 
I ' l iZ  I .33 
l'K3 I .22 

Site Concentr:ition 

I> IZR43 1.15 
R I I  I I .22 

. R K 2  I .07 
T H  I I .63 
T H 2  0.s9 
TH3 I .26 
-mi I 2 . 0 Y  
I 1\12 I .x5 

-1w3 I .37 
TM4 2.66 
TIMS 1.52 

-. 

'l7ic: rzs~11ts 01' the backgountl cc)iicentr;rtioiis from the HSCP are also shown i n  Figure H-5. 
\ vh  ich dcpi CI 5 t Iic 13 I 1.it.oiii u r n  coiicen trations i 1 1  relation to the smnpl  ing locations. From [tic 50 
saiiili I i ng locai ions;  , t lie cc)i iccii I 1.a t i oils c) I I 11 ranged from 0.629 io 3.664 Ncl kg-'. Thc: Iiic;iii 

cniiceiitratiori \viis I .40 13cl kg . aiicl the sruntlirrd (leviation wis  0.54 Bcl kg . One important 
conclusioii I ~ I - O I I I  Figure 14-5 is [ha t  thcrc docs not appear to bc: any significant trend iii plutoniium 
coiicentrar ion w , i t h  distalice I.iaiii tlie KFP. which indicates thai tlie sampling Icications probably 

. I;o.l-m , 
- I  -I 
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represent background concentrations not affected by releases from the RFP. From the 12 satnplcs 
analyzed isotopically, the mean ""Pi~/'~"Pit ratio was 0.1552, and the standard deviation WIS 

0.0093 (EG&G 1995). 

Sumniary of Background Plutonium in Soil near the Rocky Flats Plant 

In summary, the measurements performed by NCAR, CDH. CSU, and EG&G (Tables 1-1-7. 
I-f-S, H-9, H-l I ,  and H-12) indicate that the background mass concentration 01' -- '- Pu in  surface 
soils (0.16 to 5-cm [0.06 10 2-in.] depths) of eastern Colorado is in the range of about 0 .34 .5  
Bq kg-I (0.008-0.1 pCi g-')? although only one value \\';is greater than 3 . 3  HCI kg-I. The wide 
variability in results may be due to the very shallow surface layers of soil that were sampled and 
the spatial patterns of fallout deposition across the large area co\rercd by snmpling. Tc, summarize 
the deposition measurements arid calculations performed by HASL (and the analysis of HASL 
results by Seed et al. [ I97 1 1) and by CSU we used the values from Tables H- I0 and H- I I .  For the 
HASL values, we also included one srandard deviation or one geometric standard deviation 
(where available) to represent likely ranges (Table H- 10). These results indicate that the total 
deposition of - Pu from global fallout! in the genei-al iirea around t l i i :  RFP aiitl along the front 
range, was probably i n  the range of 40-1 20 Bq iii-' ( I .  1-3.2 tnCi kni-:). 

' 2 ' )  '.to 

"30.240 

BACKGROUND PLurrowmi IN SOIL AI' cr KIXL'EK DISTANCES FROM 
THE i m - x ~  F r x r s  I'LANT 

This section describes tiie:isuretnents u f  lxickgrouticl soil coiicctitr;itioiis of plutoniutn I'or 
locations farther from the RFP. M'hilc concentratiotis a t  great clistanccs t.roiii the R1-1) may not lie 
indicativc of the background art)uiitl [tie plant. they do providc: scuiie perspcctiw tis to tio\\~ local 
backgroutid coiiceiitr;it ions compare wit  ti re:gional and global b x  kgrou I id. 

Purtymon et al. ( 1990) I-eports data on soil coiiccntr;itiotis ol' plittoriiuni i t 1  nvrtticrn New 
Mexico and southern Colorado. which are iti ttic s;inie general regimi ;is tlie RFP, ancl  within 5' 
latil.ude. In this study. six locations \\:ere sariiplcd i n  19s 1 a t i t l  1983. i inc l  nine separate locat.ioris 
were sampled i n  I9S6. The locations \\ere a11 east of (or O I I . I  [lie coiitiiietitiil tliviclz. Ttte norttiern- 
most location \vas Monarch Pass. Colorado, about I G O  k i n  ( IO0 iiii j I'rorn ttic RFP. iiticl the 
southern-most lo'cation wis Santii Aiiii Pueblo, N e w  klcsico. ahout I S 0  kin (300  i i i i )  from the 
RFP. Some of the locations arc, howe\.er. n.ithiri iiboiit 32 kni  ( 2 0  tnij v f  [tic Los Alat i ios National 
Laboratory. which is a potential source uf plutonium in tlie envirotitiietit. The soil snmples were 
composites made u p  01' five subsanil>les. taken to a depth of 5 cni ( 2  i n . ) .  ..\lpha spectroscopy 
tiie:8sureiiicnts were performed to ot?tain ' j s ~ ~ i t  at it^ "'xl Pu. \vhich u ~ r c  sui i i i i iet l  to obtain totul 
plutonium. 0 1 1  the average, PLI coi;tributetl less t h m  5% to [lit; total plutonium acti\,ity 
measured. we o i l y  cotisitlcr t ~ i e  w'"'' Pu inexit r-e t i ients he Ie !'w- co I iipar;ibi I i t  y with c)ther 
incasurements. Concentrations 01' " " ~ ' ~ l ' i ~ ~ ~ i  r ; i i i p x ~  t'rorli I .2 to s I iCi 2-l 1 0 . 0 ~  to 3.0 ~q kg-'), 
w i t h  ;in iiverage of 14 fCi 2-l (0.53 H q  kz-')  and ;I stnridard dc.\.iatic)n 0 1  IS fCi 2-I (0.66 H q  k2-l) .  
The two highest \ ~ i I t x s  occurred for 1oc:itioiis in Iiigli tiioutit:iiti p:isses on thc coritinental divide. 
As discussed earliert higher valites Lire c.xpccct.d l'or high t i i o i i i i ta i t i  ;ire;is. atitl i t  niay be 
reasonable to consider these locations ~roupt'cl sepiir;itcl!r l'roiii the remaitiitig loc:itinns. If '  thcse 
Iiighest values ;ire disregarcled, tlie retii;iintter co\'er t ~ i e  range ot  I .?--I 4 fCi f-' (0.044-0.7 I 

23s 
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I Bq kg- ), with an average of 9.4 fCi g-' (0.35 Bq kg-I) und a standarc! deviation of 5.4 fCi g-' 
(0.20 Bq kg-'). 

As mentioned above, Holleman et 31. (l9S7) provides a11 extensive compilation of datasets 
on worldwide fallout of plutonium from weapons tests. From this compilation. we extracted 
measured concentrations of 239~2 '0~i~  i n  soil i n  t~ie US. Values were given i n  units of total 
deposition (becquerels per square meter) and inass concentration (becqiicrels per kilogram). 
Information about individual measurements is given in Table H- 16, at the end of this appendix. 
Hollenian et al. does not provide information about sample depths, but [his is not necessary for 
our work. The time the samples were collected is not that important because the earliest date 
(1962) is after the majority of plutonium was deposited (Figure H-2). Tlie results are suminnrized 
by state i n  Table H-13; for some states only one measurement was available. 

Table H-13. Sunimary of z3y*z'0Pu Deposition and Mass Concentrations in Soil in the United 
States (front the Conipilation by Holleritan ct al. 1987) 

Deposition ~q in-'Y Concentration (13q ~ g - ' ) '  

State Sites S m p l c 5  Ddcs  hllll hl'l\ 4vg hllll hlnv r\ "f 

Alaska 
California 
Colorado 
Florida 
l-laiv:iii 
I I I i noi s 
K, l  . . .  
i\/l ;I i ne 
klassachusetis 
h4ichigaii 
hlontan;l 
New hlcxico 
New York 
North Carolina 
Ohio 
Oklallollla 
South Dakorci 

i .-Tc,,;rs- i ....a= . 

Utah 
Was ti i 11 g to 11 

Wiscoiisiii 

' IIS'IS 

- -  .. - - ~  -- 

3 0 1964- IO76 
3 > 1070- I 9 7 3  
1 i I 96 5- I 0 70  
I I I 9 7 0  
I I 1970 

I I 1070 
I I I 0 7 0  
I I 1072 
I I 1076 
I I 1065 
6 36 1974- I 077 
7 1 (I 1904-1073 
I I IWO 
I 3 i  I V74 
I I I070 
1 1 1965- I 0 7 0  

- 1070 --- 

I I 1070 
- 7 1970-1 97 I 
I I 1072. 

17 63 I(J70- 19s I 

7- ,? --- - 

7 

1.18 

7.1 I 
27 

67 

S5 
= 3 1 6  

I .5 

3.( 
37 
6 7 

250.7s 

99.9 

5 2  

13 
33 
47 
37 

14s 
51 
S ') 
t i  3 
S5 
'10.0 
70 

S4 
S 0 

0.0 0.7s 0 2s  
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extremely unlikely. However, t h e  average value for Colorado is in reasonable agrecment wi th  
other states at similar latitudes (e.:., Illinois). 

Because global fallout deposition is correlated with latitude i n  the northern hctnisphere. we 
also summarized the - Pu measurements by latitude hands. We centered the bands around 
latitude 40 "N because that is the approximate location of the IIFP. Table H-14 shows this 
sii mmary . 

739.240 

CONCLUSIONS ON BACKGROUND PLUlONIUM IN SOII,S 

From the studies presented here, the measured levels of plutonium i n  soil around the RFP. 
and around the U.S. are compared in Table H-16. (We acknowledge that this is not necessarily a 
complete compilation of such data.) Figure H-6 compares the total plutonium dcposition for 
background locations around the RFP to locations in  the U.S. at similar latitucles. The range of 
measured deposition of 239.240Pii around the RFP (40-120 BCI m-'. or I .  1-3.2 mCi km-') is w i t h i n  
that seen for other states i n  the 37.5-42.5 "N latitude range (10-260 Bq ni-'. or 0.27-7 
mCi km-I), although they tend slightly toward the higher end of nieasured concentrations. The 
measured mass concentrations of 239.240Pi~ around the I<FP (<0.34.5 13y kg-I. or 0.00s-0. I 
pCi g-') exceed (slightly) the ranges of values seen i n  Ncw Mexico and Ohio nie;isiircnients (0- 
3.0 H q  kg-', or 0-0.08 pCi g-'). Many of tlie lowest values for the U.S. are for  loc:itions, such ;is 
Alaska, not i n  t h e  middle latitudes. Thus. i t  appears t h a l  while tiiz;tsiirccl background 
concentrations of plutonium i n  soil aroitnd tlie RFI' teiid IO 1x higher thati backyoulid 
concentrations for many locations, they arc still i v i t h i n  the ranges c ~ l ~ s ~ r ~ ~ e c l  i t1  other st;ites : i t  

si I 11 i 1 ar I ;it i t  it des. 

$07 
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Table H-14. Summary of 239v"0Pu Deposition (Bq m-') and M a s s  Concentrations (Bq kg-') 
i n  Soil in the United States, by Latitude (from the Conipilation in I-Iollenian et al. 1987) 

Deposirion" Concentration:' 

1-atitude band Sites Samples Min Max Avg Sites Samples Min kl:rs Avg 

4 2 . 5  O N  " 3 3 33 37 35 
32.5-57.5 ON 5 7 27 89 47 6 36 0 0.78 0.28 
37.5-42.5 ON' 30 91 I O  260 60 I 25 0.11 1.5 0.28 
42.5-47.5 ON 5 10 1.5 93 37 
>47.5 O N d  5 9 1.2 34 I3 

Min = minimum, max = maximum, and avg = arithmetic average. h4iniriluin and ni:1sin1un1 values ;ire taken from 
the source document (Holleman et al. 1987). and the averages are calculated by u s .  i n  this prcsenl work. 
The single result for Hawaii is not included in this suinmary, because the value is probably nor representative of 
globnl fallout. 
The extremely low value from Colorado is not included i n  his summary. 
All values i n  this latitude band are from Alaska. at latitudes greater th;in 60 O N .  

Some important characteristics related. to plutonium in soils should be considcrecl in 
evaluations of soil sample results around the RFP. The meusurement technique, and more 
specifically the plutonium isotopes actually measured, should be determinecl. Essentially all 
measurements of i i 2 3 9 ~ ~ ~ 1 3  are actually measurements of -- Pu txc;i~ise iilpIia s~~c t roscopy  is 
commonly used for the analyses. If isotopic results, such its tliz r a t i o  ''%"'~/"~Ppu, are available. it 
iiiny be feasible to determine more accurarely whether tlic source nl' the iilutoniuni is t ru ly  
background or if  i t  has been intluenced by RFP soiirc CC'hcn coiiilxiriiig saiiiples near [ l is  IZFF' 
to background samples, the time of sample collcction C;III bi: iinlmr1;iiit I w x i s c  111eIe are tcmporul 
trends in the global fallout of plutonium from . nLiclear. w e a p o n s  tcstins. I-GiiaIly. dcpt11 
distributions of plutoniiini should be consiclercd relittivi: to  the go:iIs 01' ;I p;irticiiliii- saiiipling 
program or analysis. Soil samples taken from thc surtacc soils i:c.g., to I ciii 10.4 in.1 or so) arc 

generally not representative ol' the total clcposition of plittoniuni t l u t  csists iii [ l i e  soil coluinn. 

'70.240 

Risk Assessment Corporation 
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h 

150 4 - 
w h - Estimates of Background A r o u n n  w 
I 
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v - .- 
0 100 -t cn 
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.- 
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0 
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0 
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'19.240 Figure H-6. Background -- 
around the RFP with levels i n  the US. at similar latitude. Data are described in this appendis. 
Notes: (a) single location, i n  1965, (b) examined distribution of ineasiireinents from 1970. ( c )  
used 240P~~/'3'P~~ ratios for samples from 197 I , (d) used "oPii/'39Pu ratios for samples froni 1971. 
(e)  sainples from 1992-1994? 0-3-cm (0-1.2-in.) depth. with depth distribution model. (0 Iron1 
comp i lat ion of niinieroiis nieasuremen ts . 

Pu total deposition (inventory) in  soils: comparison of levels 
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ANNEX 

Table 13-16. Individual Measurements of 23yv2'0Pu in Soil in the United States 
(from the Compilation of Holleman et ai. 1987)a 

Stale 

Pu concentration ?30.2-10 

Location Latitude ( O N )  Date Rq m-' Bq kg-1 

Alask:r 
Alaska 
Alnska 
.A I:rska 
Alaska 
Alaska 
Akiska 
Alaska 
A I aska 
Calilbrni:i 
Calir'orni:i 
California 
Ca I i <ern i a 
c.. 1' . ,I ilorriia 
co lol .ac lu  
co lorado 
Co lorath i 
Co 11 )ratlo 
co loratli~ 
Colorado 
Ciilorxlo 
F l c  irida 
l-l:! vxi i 
I I I i I : .  ! i s  
Illinois 
I Iliniiis 
Illiiiois 
I I I i nois 
Illiiiois 

I Ilinois 
I I I i i io i s 

Iliiriois 
Illinois 
I l l i r i o i s  
I I I i i i o i  2: 

Illinois 
Illiiiois 
llliiiois 
I I I i nois, 
I I I i  nois 
I Ilinois 
Illiiiois 
Illiiiois 
Illinois 
I I I i noi s 

llliiiois 

Anaktuvuk Pass 
Anaktuvuk Pass 
Anaktuvuk I'ass 
B a rro uz 
Barrow 
Bettles 
Fairbanks 
Fairbanks 
Pa I mer 
Burbank 
Oakland 
Oakland 
Saii Francisco 
San Francisco 
Dcnver 
Denver 
Denver 
Denver 
Deriver 
Deriver 
D e  I I \'C r 
Ft. Pierw 
P a p i  L o u  
Argoniic 
U rook ficld 
I3 roc.)klie Id 
Brcioklieltl 
B rook licltl 
B rooklieltl 
Cll;lrlnalloll 
C h : in  1x1 ti on 
Cllanrlahull 
Chanri:ihoii 
Do \v i  iers G row 
Dowricrs Grove 
Dresdsii I-oA and Dam 
Dresden I-ock and I h i i  

Dresden I-ock and D3lll 
Dr&kri Lock :inti Dam 
Dresdcri Lock a i i d  Daiii 
Hirisdale 
kl i nsdalc 
Lclnc-IliL 

Lelrlollt 

Lcnirwt 
l ~ e l n l ~ l l t  

68.10 
68.10 
68.10 
71.17 
71.17 
66.55 
64.5 1 
64.5 1 
61.36 

37.47 
37.47 
37.48 
37.48 
39.43 
39.43 
39.43 
39.43 
39.43 
39.43 
39.43 
27.37 
19.47 
4 I .43 
4 I .49 
4 I .49 
4 I .49 
4 I .49 
4 I .49 
41.26 
41.16 
41.26 
41.26 
4 I .4Y 
41.48 
41.20 
41.20 
1 I .20 
41.10- 
41 .20 
41.48 
4 I .48 
4 I .40 
4 I .40 
4 I .40 
4 I .40 

34.2 " 

Jul 1975 
Jul 1976 
Sep 1976 
Aug I964 
I970 
Jul  1976 
Jul 1976 
I970 
I970 
I970 
Oct 1972 
Oct 1972 
Oct I972 
Oct 1972 
Sep I965 
Fcb 1970 
Fch 1970 
Sep 1970 
Sep 1970 
Oct 1970 
I970 
I970 
I970 
1970 
Scp 1972 
Oct 1974 
Juii 1976 
Ju i i  1979 
Oct 1980 
Juri 1978 
Jun 1979 
Juri 1980 
Juri 1981 
Juri 1979 
Oct 19SI 
Oct 1976 
Oct 1978 
Oct 1979 
Oct 19SO 
Oct 1981 
Oct 1971 
J u n  I976 
Nov I974 
Oct 1978 
Juii I9SO 
Oct 1981 

5.62 
1.55 
1.18 

12.20 
14.8 
4.26 
8.2 1 

31.4 
34 
27 
30.00 
30.00 
34.00 
37.00 
56 
32.9 
40.7 
65 

67 
67 
37 

148 
75 
57.35 
65.86 
70.3 
36.63 
49.2 I 
49.6 
3 I .08 
19.6 I 
25.1 
18.5 
29.2 
74 
45. I 
.l5.91 
10.36 
41.8 

127.65 
81.4 
56.6 I 
21.5 
19.61 
23.7 

2.1 I 
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TaBle H- 16. Individual Measurements of 23y’z40Pu in Soil in the United States, 
from the Conipilation of Iiollenian et al. (1987) (continued) 

Pu concentration 

State Location Latitude (“N) Date Bq nii2 Bq kg-’ 

~jl).?JII 

llliiiois McCinni s Slough 41 3 9  Sep I972 72.52 
Illinois 
Illinois 
llliriois 
Illinois 
I I I i no i s  
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
I I linois 
I I I i no i s 
Illinois 
I I li no i s  
I I Ii no i s  
I I I i noi s 
I I I i no i s 
I I I i nois 
llliriois . 
Illinois 
I Iliriois 
I I I i nois 
Illiriois 
I I I i iioi s 
I I I i riois 
llliriois . . 

Il!iwis = = ~ .  = 

I Ilinois 
1 I I i iioi s 
I I li no is 
Illinois 
I I I i iiois 
I I l i  ncii s 
Knnsas 
M a i i i e  

h 1 ich i p n  
N o  I1 I :Ilia 

Ne\ \  klcxico 
Ne\v Mexico 
Nc\v klcsico 
New h4cxico 
Ne\v hlcsico 
Nz\v hlzxico 
N u v  Xlcsico 
Kc\v hlcxico 

M cC i 11 ni s Slough 
McCinnis Slough 
McCinriis Slough 
Mckinley Woods State Park 
Mckinley Woods State Park 
h4ckinley Woods State Park , 

klckinley Woods State Park 
blckinley Woods State Park 
blckinlcy Woods State Park 
Mckinley Woods State Park 
Morris 
Morris 
&!orris 
Morris 
bl o rr i s  
Morris 
Nnpcrvillc 
Napcrvillc 

S:i pcrv i I IC 
Rorncovi IIc 
Romcovi I lc 

S:rpervillc 

Sagallasl1kcc slougll 
- Sagllli;lslikcc Sluugh 

S ag anasli kcc s lo ugh 
S:ig:rn;rshkcc Sloufh 
Starved Rock State Park 
Siarved Rock Sutc Park 
Si;ir\;ed Rock State I’ark . 
St:irved Rock Siate Park . 
Stai.vetl Rock Statc Park 

- . - _- 

W i  I lo tv Springs 
L V i  I low Springs 
\Vi I1 o L\, S pi  rigs 
IVoodridSi. 
Woodridge 
h 1 ;I11 h;1tt a11 

Orono 
North Eastham. Cape Cod 
St . J osc p I1 

Uozemaii 
~ 3 c r n ~ i l l l l ~ l  
Bcriialillo 
l3criia I i I I ( )  
Rcriiali I lo 
l3crri:ili Ilo 
l3crii:ililli) 
k rn: i l i l k i  
Cliiiiiiit:i 

4 I .39 
41.39 
41.39 
4 I .45 
4 I .45 
41.45 
41.45 
4 I .45 
4 I .45 
41.45 
41.22 
4 I .22 
41.22 
41.22 
41.22 
4 I .22 
4 I .47 
4 I .47 
.4 I .47 
4 I .47 
4 I .39 
41.39 
41.41 
41.41 
41.41 
41.41 
41.10 
41.10 
41.19 
41.19 
41.19 
4 I .47 

4 I . jn 
41.50 
41.50 
41.46 
4 1.46 
39.1 I 
44.53 
4 I . j 2  
42.06 
45.41 
35.30 
35.30 
35.30 
35.30 
35.30 
35.30 
35.30 
36.00 

. . . .  
~~~ - - 

M a y  I974 
Oct 1978 
Jun I980 
Jun 1972 
Oct 1974 
Jun 1976 
OCL 1978 
Oct 1979 
Oct 1980 
Oct 198 I 
May 1974 
May 1974 
Juri 1978 
Juii 1979 
Jun 1980 
Jun 1981 
Juri I972 

Jim 1978 
Juri 1981 
Oci 1978 
oct I98 I 
Jun 1972 
M a y  1074 
Oc: 1978 
Jun 1980 
May 1974 
Juri 1978 
Juri 1979 
Juri I980 
Jim 1981 
Juri 1979 

Oct 1976 
Juri 1978 
Oct 1979 
Oct 1979 
Jun 1981 
I970 
I970 
Oct 1972 
Oct I976 
Scp 1965 
Jul 1974 
M a y  1975 
Oct 1975 
Apr 1976 
Oct 1976 
hlar 1977 
Ocr 1977 
Jul 1974 

h4ay I974 

80.3 
42.5 
22.57 
40.7 
77.7 

114.7 
54.8 
35.52 
20 
69.2 
75.85 

256.78 
52.2 
32.56 
27 
17 
55.5 
94 
57.7 
24 
jC7.3 
44.4 
77.33 
72.52 
27 
2 I .83 
76.22 
43.3 
3 I .os 
17.39 
l 3 .7  
35.9 
-2-4:s - i._ : ~ ~~ 

107.3 
27 
30.7 1 
32.56 
30.3 
89 
63 
85 
99.9 
7 0 

. ~- 

0.12 
0.44 
0.04 
0.15 
0.07 
0 
0.07 
0.22 
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C-30 liad i o 11 iic I i dc So i I Action Le ve I I nde pe ndc ti t lieview 
Tiisk 5 :  Independent Calculalion 

Table 1-1-16 Individual h'leasurenicnts of z3yqz'0Pu in Soil in the United States, 
from the Conipilation of llollenian et al. (1987) (continued) 

'jL) ""IJU con cent m t ion 

Stnrz I .(IcdIIoII Latitude ( O N )  D m  13q in-: Uq kg-l 

36.00 Oct 1975 0 63 
36.00 
36.00 
36.00 
36.00 
35.45 
35.45 
35.45 
35.15 
35.45 
35.45 
36.00 
36.00 
36.00 
36.00 
36.00 
36.00 
36.00 
35.45 
35.45 
35.45 
35.45 
35.45 
35.45 
35.45 
35.50 
3 5 . 5 0  
35.50 
40.49 
40.49 
4c1.54 
40.54 
40.54 
40.54 
40.54 
40.54 
40.54 
40.47 
40.5 I 
40.5 I 
40.5 I 
41.15 
40.43 
40.43 
41.13 
35.47 
-39.38 
39.3s 
39.3s 
39.3s 
39..x 
39.3s 

Mar I976 
Oct 1976 
Mar 1977 
Oct 1977 
M a y  1975 
Oct 1975 
Apr 1976 
Oct 1976 
M a r  1977 
Oct 1977 
Jul 1974 
May 1975 
Oct 1975 
Mar 1976 
Oct 1976 
Mar 1977 
OCI 1977 
Jul 1974 
May I975 
Sep 1975 
Apr I976 
Ocr 1976 
hl:ir 1977 
Ocl 1977 
J u l  1974 
May 1075 
Oci 1077 
Ju l  1970 
Aug 1970 
Sep 1970 
Sep 1970 
No\, 1977 
No\ 1977 
Yo\, 1977 
No\: 1973 
1972 
No\, 1972 
Dec 1969 
Jail 1970 
Jim I970 
Jun 1973 
Dec 1964 
I970 
Juii 1973 
I970 
0c1 1974 
Oct 1974 
OCI 1974 
Oct 1974 
Oct 1974 
Ocr 1974 

0.3 
0.52 
0.63 
0.37 
0.07 
0 
0.15 
0. I I 
0.04 
0.1 I 
0. I 9  
0.3 
0.33 
0.44 
0.7 
0.4 
0.56 
0.04 
0.04 
0.44 
0.07 
0.26 
0.7 
0.04 
0.44 
0.27 
0.78 

92.5 
81.4 
96 
7s 
99.9 
9I.Y 
90.6 
S I  
88.S 
78 
74 
81.4 
96 
70.3 
67 
96 
70.3 
s9 

0. I77 
0.222 
0. I66 
0.269 
0.206 
0. I 7  I 



Task 5 :  Indcpcndent Calculat io i i  c-3 I 
Final  Report 

Table H-16. lndividual kleasurenients of 'Jy.z'Ol~u in Soil in the United States, 
froni the Conipilation of ?lolleman et al. (1987) (continued) 

?3L).?J(I Pu concentration 

s1;irc Location 1,atitude (ON) D x e  Bq mi' Bq kg-l 

Miariiishurg 39.38 Ocr 1974 0.256 
h.1 i:inii sburg 
Mianiisburg 
h4ianiisburg 
Mianiisburg 
M i :I ni i s hu rg 
R.1 i:inii s burg 
Mi:imisburg 
hliainisburg 
Mi ;I mi shu rg 
Miamisburg 
Mixiisburg 
Miamisburg 
h'1i:imisburg 
Mi :iin i sbu rg 
Miarnisburg 
h4ixnisburg 
hlianiishurg 
bl i:rriiishurg 
'fu Isa 
Rapid City 
Vcrriiillion 
Kiiigsvills 
\Veslacii 
Salt L.:ikc City 
I-Ianliirtl I<cserv;itioii 
I-l:rn hrd  lizscr\xlioii 
I-lantord Resenxinii 
I-laiithrd Kewrwiioii 
Ilaiiliird I<cservation 
I I:inli)rd Rescrvatiori 
r l l y d  lup 
I,aCs [)cla\.:ln 

39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.3.8 
39.38 
39.38 
39.38 
39.3s 
39.38 
36.09 
44.05 
42.47 
27.3 I 
36.09 
40.46 
46.50" 
46.j(P 
46.50'' 
46.50h 
46.50b 
46.50'' 
47.1 I 
42.38 

Ocr 1974 
Oct 1974 
Oct 1974 
Ocl 1974 
Oct 1974 
Oct 1974 
Oct I974 
Ocr 1974 
Oci 1974 
Oct 1974 
Oct 1974 
Ocr 1974 
Oct 1974 
Oct 1974 
Ocr 1974 
Oci 1974 
Oct I974 
Oct I974 
1970 

I970 
I970 
I ')70 
1970 
Feh 197 I 
Fch 1971 
I'sb I97 I 
Fsh I97 I 

Fch 197 I 
I070 
Oct I972 

ssp I965 

r i t l  1971 

0.171 
0.2 
0.129 
0.17 
0. I35 
0.207 
0.1 14 
0.174 
0.191 
0.179 
0.18 
0. I9 
0.13 
0.213 
0.208 
0.16 
1.3-14 
1.528 

SI 
93 
85 
36.6 
32.6 
96 
19.20 . 
28. 10 
24.00 
8. I 
I . j  

7.8 
52 
58.46 
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C-32 Radion~tclidt. Soil Action Level Independent I<evie\v 
Task 5:  lnclcpe ncleiit C;I Icu lation 

'Table H- 17. Units Conversion Factors 

h4ultiply value with units 01': by: To obrain value with uniis of: 

cl pl It i '  

dpn1 
pc i  
pCi 
pCi 
fC i 
1% i 
Ci 

'I 
t3 q 
l lq 

Units of activity 

0.0 I 6 7  
0.45 
0.037 
2.22 

I000 
3.7 x Io-j 
0.00 I 

3 7  
60 
27 

27.000 

Concentrarion units: x r i v i t y  pcr iiiass 

16.7 
0.45 

37 
-l 17 

0.037 
0.OhO 
0.027 

27 

37 
0 .02  7 
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APPENDIX D 

THE EFFECTS OF TIME ON THE RSAL 

This time at which the iiiaximum doses O C C L I ~  was cxamtned to ensure that the limiting 
scenario had been identified for the plutoniuni and iiraniiitii isotopes. The results arc sutiunarized 
in Figure D-1 

X 
E .- 

0 K d d . 3  , - - - - -  
Kd = 0.32 ~ - - - - -  

~ I * '  ' 
0.01 7 I ' 

m i I  
QI '. 
a 0.001 \ \ \ 

. m 
0 

m - - .- - \ 
- :! - 

- - - - - - _ _ _ _ _  
a 
m -.__ _1 

- 

I ! 1E-005 -;- I 1 . , ,  , . /  I . .  

! " ' ;  

0 400 800 1200 1600 2000 
Number of Years from year 2000 

l l o s e  s l o  I_ p I uto t i  i it m isotopes ( I  nwcr gr;iph ) ;it-c d I-i ve 11 by si1 rfacc c x posit re p;itli w a y s  (soi 1, 
plaiit ingestion. groiiiid zsposiire, a t i d  inhalation ) .  Theretore, doses are proiiortioiial to the :inioLtnt 
01' aciivit): i i r  the ?;~trf;ice soi l .  Tlic slight increase in  dosc froin year 0 to year 30 is from ingrowth 

i\,ni i i i  the siirl'ace soil. Alter that! doses drops otf zxponctitially ;is pliitnniiim activity is ( , f  1-1 I 

Izazticd from tlic siirI:;ict: soil. IlcpIetioli ol' acti\.it)i troni the surl':ice soil is it I'unction of thc wiiter 
inl'iltraiion rate aticl the distributioti coel'ficicnt (A',,). LOW K,, V ~ I I L I C S  result in  higher leach riitcs . 

- 
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D-2 Rad i on uc 1 i c k  So i I Act ion Lev2 I I r i c k  1)s ncle n t Re view 
Task 5:  Indepenclen t Calciila t ion 

and, therefore, more rapid depletion of the surface soil. Doses froin grourltl\vaizr-dz~~e~ldeilt 
pathways were all zero for the 2000-year timeframe considered. 

Uranium doses (upper graph) are somewhat more complicated because groiindu.ater-- 
dependent doses were appreciable during t h e  2000-year timeframe considered. For low Kc, values 
(0.32 mL g-'), activity is rapidly leachecl from the surface soil ancl moves quickly through the 
" rroundwlater. For higher K(, values ( 2 . 3  and I O  mL 2-I). there is a delay i n  the arrival o!' the 
uranium isotopes in  the groundwater. Maxirnum doses ;ire achieved wlieii iir;inium contamination 
is  at the receptor well, then fall off cluickly ;IS the plume mows clownl;rxlient. Doses reinain at ;I 
more-or-less constant level afier passage of the uraniuiii plume and then fall off after SO0 years. 
The flat portion of the curve is caused b), doses froin radioactive progeny. 
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APPENDIX E 

RISKS ASSOCIATED WITH A 15 MREM ANNUAL DOSE LIMIT'' 

The limit adopted by DOE/EPA/CDPHE (1996) for radionuclide soil action levels (RSALs) 
is an individual effective dose of 15 mrem y-l. The risk associated with a uniform whole body 
exposure from penetrating low-LET external radiation, such as _ramma radiation or x-rays, is now 
recognized to be about 5 x IO-' Sv-' (or 5 x LO-' rem-') (ICRP 1991; EPA 1994; Puskin and 
Nelson 1.995) for a population of all ages. This risk estimate is derived from the epidemiological 
studies of the atomic bomb survivors and is supported by inany other epidemiological studies of 
different populations in different exposure circumstances. The uncertainty in  the risk coefficient 
has been estimated to range from a factor of 4 (51h percentile) below the nominal value of 5 x IO-' 
Sv-I to about twice the nominal value (95* percentile) (i.e., from I .2 x IO-' Sv-I to 8.8 x IO-' Sv- 
) (NCRP 1997). In this case, the uni t  Svb refers to the effective dose as defined i n  ICRP 

Publication 60 (ICRP 1991). Using this nominal risk coefficienl (5 x IO-' Sv-I), the lifetime risk 
associated with the dose limit of 15 inrem y-I is: 

I 

15 inrem.y-' . 5 x IO-'Sv-' . l0-'Sv rem-' . 10-Jnirem rem-' = 7.5 x IO-" for each year '. 

For a 70-year lifetime of exposure at the limit, the lifetime dosc would be 1050 mreni ( I  .05 rzni) 
and the lifetime risk would be 5.25 x IO4. This comp;ircs with ;I lifetime risk of' 3 x IO-' citcd i n  
the CERCLA requirements (EPA 19'97) as corresponding to the annu;il dose liinit of 15 nirem y- ' .  
This difference is because the period chosen by EPA (EPA 1996, 1145) for exposure i n  ;I I i f C t i i i i C  

is 30 years, as for all CERCLA exposiires, and not 70 years. EP.4 clzteriiiinecl that the 30 year 
time period is the most appropriate for application to site clem-iip eflhrts. This is based on the 
fact that 30 years represents the national upper bound (:C)O"' percenti IC) time at oiie resitlzncz ;is 

determined from the 1983 survey by the Bureau ofthe Censiis. 
The range of uncertainty on our estimate of a lifetime risk ( 7 0 ~ )  of' 5.25 x IO4, rcsultiiig 

from uniform whole body exposure of 15 mrem y-'. is about I .3 x IO-' to 9 x 10- (5"' to 93"' 
-percen-tile): This-range-includes-both thc~EPA-eskimate of=lifetimt. risk l'or.30-ye;irs-;it I3_nirE:ni. . =. __ , . 

(i.e., 3 x IO-+) and our estimate of lifetime risk for 30 years (i.e., 2.75 x IO-'). 
The same nominal risks would be expected to result from i'xlmsiire to a rxlionuclide 

uniformly distributed i n  the body, such as tr i t ium, altlioiigli the iiiiccrtainties may he tlil'ferent 
depending on the expos LI re c i rc ii ms tances . 

Plutonium does not distribute uniformly among the organs a i i c l  tissues of the body after 
inhalation, and, consequcntly, the risk from ;I given intake is not distributed Linifot-nil! i n  the body 
either. However, plutonium's distribution after inhalation is conipar;itively well known. Iii fact, 
97% of the risk arises i n  only four organs or tissues - lung. liver, bone (i.e. hone surfxe) and 
bone marrow, as can be seen from the data on dose per un i t  intake given i n  ICRP I'ublication 7 1 

~ - -=e -I ~ .~ ~ ~ 

'' Adapted from material provided by W . K .  Sinclair. F'1i.D. 
' I sievert (SV) = 100 rem 

The actual risk at this tlnse limit will ustcnsibly vary \villi tlic iiyc O F  tlie individu:il  zsposed. bul ovcv :I 
lifetime the risk \vi11 average out ;it tlie riominul va luc  ol' 5 :,: IO-' Sv-l lwcause tlic: iioiiiinal risk i s  l ~ r  :I 
population of all  ages. 
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E-2 Radionuclide Soil Action Level Independent Review 
Task 5 :  Inclependent Calculation 

(ICRP 1995), which is discussed in Grogan et al. (2000). After inhalation of I-uni AMAD 
(activity median aerodynamic diameter) particles of 239Pu, the total effective dose is given as I .6 
x IO-' Sv Bq-' [see ICRP 1995, Table 5.29.3(c) absorption type S, (Le., slowly absorbed), for 
adults]. This effective dose is essentially the same as that obtained by adding up  the contribution 
of each of the organs to the effective dose using weighting factors ( I  .49 x IO-' Sv Bq-I) (see 
Table E-I,  first 3 columns). Table E-I, column 4, gives the mortaiity risk per u n i t  dose for cach 
organ (Grogan et al. 2000). Column 5 shows the total risk for each organ for a given ' 'yP~~ intake, 
calculated by inultiplying column I and column 4 values. 

The lifetime risk associated with the effective dose for plutonium is obtained by multiplying 
it  (1.6 x Bq-l. Alternatively, 
and useful as a check, the risk from this effective dose can be obtained by adding u p  the 
individual components of the risk i n  each of the organs or tissues (Tablc E-I, column 5 )  
calculated using mortality risks per unit dose for these organs and tissues, shown i n  column 4 
(Grogan et ai. 2000, Table 9-4). This sums the actual risks for organs and tissues, not using 
weighting factors, as shown in column 5 of Table E-1. These components of the risk sum to 7.14 
x Bcl-', 
especially considering that the risks estimated in Grogan et al. (2000) were newly developed and 
proposed. 

TIILIS, the total risk of any given intake by inhalation, although distributed very differently, is 
essentially the same i n  this case for a given effective dose as for a uniform exposure:". The 
uncertainty, however, is much greater, about a factor of 30 i n  either direction or ;I rangc o i  about 
10: for the risk from plutonium (Grogan et al. 2000, Section 9.6) compiircd with ;I rangi: of only S 
for the nominal value of risk from external radiation. 

Sv Bq-l) by the nominal risk ( 5  x LO-' Sv-I) to yield 8.0 X 

Bq-' (Column 5 ,  Table E-I), which is i n  reasonable agreement with 8.0 x 

E.1 SUMMARY OF RISK ASSOCIATED WlTH DOSE LIMIT 

In sumrnary, the risk following an effective dose of plutoniuin 01' 15 mrem/y for ;I lil.etiitie of 
for ;I popul;ition of a11 

for adults only). For till exposure lifetime of 
probably ranging fruin abouc I 

70 years is about 5 x IO-' rangins from about 2 x IO-' to about 15 x 
ages (and 4 x IO-' ranging from 2 x IO-' to 12. x 
30 years, as used by the CERCLA program. i t  is about 2.3 x I O  
x IO-' to about 7 x IO-'. 

4 

d The effective dose is olten ;I relatively crude indication ot' fatal cancc~' risk since. esccpt i n  ilic case ot' 
uniiorm distribution. i t  depends on the ICRP assigned weighting factors. These are based on t'r;tctions 01' 
the total health detrinient and the detriment inciudes lactors oilier than tlic fat:ii cancer risk. I:urtlizriiiorc 
the fractions are rounded at t h t  and are sonieiiiiies very apl)roxiiiiatc. This can soiiietiiiies Iz:a~l t i )  

cliscrepmcies between the risks obtained by suminiiig the contributions 0 1  thc risk from the individual 
orzans and the risk apparently associated witti ttie effective dose (see. tor zs:iinptc. EPA I C I W ) .  :\s tiaye 

seen i n  the case of plutonium by inhalation the discrepancies are not I:irgc especially corriparzd u i t l i  rliz 
uncertainties. 



Task 5 : Independent Calculation E-3 
Final Report 

Table E-1. Contribution of organs to the effectio 
(1) (2) (3) 

Dose W,I.' Contribution to 
effective dose 

(Sv Bq-I) (Sv Bq-I) 
I l l ) x  (2) )  

Lu n g S.7 x lo-' 0.12 1.044 x IO-' 
Liver 3.9 x lo-' . 0.05 0.195 x IO-' 
Bone l.Sx IOJ 0.01 0 . 1 8 ~  IO-' 
Bone marrow 3.2 x 0.12 - 0.004 x lo-' 
,Skin 3 . 2 ~  0.01 0.0003 x lo-' 

2.5 x lo4 0.2 0.05 x IO-'- Ovaries 
Testes 
Remainder 3.4 x . 0.05 0.0017 x IO-' 
Thyroid 3.2 x lo-' 0.05 0.0016 x IO-' 
Colon 3.3 x 0.12 0.0040 x IO-' 
Oesophagus 3.5 x 0.05 0.0017 x IO-' 
S toniac h 3.5 x 0.12 0.0042 x IO-' 
Breast 3 . 2 ~  0.05 0 . 0 0 1 6 ~  IO-' 

'' Froin ICRP( 199 I )  
Sum of organs and tissues I .49 x lo-' 

dose and risk per unit intake for zJvPu 
(4) ( 5 )  

Mortal i t y To ta I mo rtal it y 
Risk" risk 
(sv-I) (Bq-9  

6.55 x 10-3 56.99 x 
2.85 x 11.12 x Io-s 
0.065 x 1.17 x IO-' 
0.65 x 0.02 x - 

( ( 1 )  x (4)) 

69.3 x IO-' 
X U  

= 7 1 . 4 ~  IO-'Bq-' 
or 
= 7.1 1 x 104Sv-' 

From Table 9-4, Grogan et al. (2OOO), but divided by 20 for Sv-' 
Whole body = 1.6 x IO-' Sv Bq-l (according to ICRP 1993. Table 5 . 2 9 . X ~ ) )  

I1 

E.2 RISK LIMITS VERSUS DOSE Lth4ITS 

The joint Task Force of the DOEEPNCDPHE, after much de1ailecl consideration 
(DOE/EPA/CDPHE. 1996), decided to specify a dose limit. 15 nireni y-'. to whicli thc RSALs 

' must conform rather than a risk limit. This is an important matter for anyone or a n y  orynization 
~~ - -  - at tempting .to define ~ RS ALs. and/or~_o t her_= spcc..ifi.ed-.l i miti n isc ol' the various. 

indeed manifold, past discussions and writings of the EPA and other responsible govcrnment 
agencies on the question of specitying risks that the public might rcasonably bc exposed to. This. 
of course, assumes that zero risk is not only impractical and impossibly costly i n  the case 01. 
contaminated soils but also counter-productive i n  that the effort to achieve it  c;in givc rise to nwri: 
serious risks that outweigh those for which remediation is sought. (EPA 1996). It is worth 
considering the background of risk limits versus dose limits and the status of thc problem ;it the 
present I i nie . 

It is completely understandable that an agency such ;is EPA, given the responsibility l'or 
protecting the public against contamination from all kinds of noxious agents, woiild want to iisc ;I 

risk basis for their limits, especially i f  all of these agents induci: c;incer as thc risk 01' prinii iry 
concern. Risk is then the only common currency as a measure of the effects of physical iiscnts 
such ;is ionizing radiation, ultraviolet, ultrasoiintl, etc.; chemical agents such ;IS arscnic. bcnzciit.. 
chloroform, etc.; biological agents such as atlatoxin, etc.; and prcsumably any otlizr ciinccr 
inducing agent, whalever its nature. Ir also enables the effects ol' moclifiers of these risks siich ;is 

~~~ 
- ~ -~ .- . ~~ ~ 
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E-4 Rad i on tic I i dc So i I Action Le ve I tnde pe nclen t Re \.i e \I! 
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sensitizers, inhibitors, smoking. alcohol, hormonal factors, etc.. to be quantified. EPA, in  many 
discussions on tlie subject, has made a target based on r isk;  namely tha t  ;I lifetime risk i n  t h e  
range of IO-' to 10" should be aimed at as a limiting factor i n  regulatory decisions (EPA 1996, p 
19)'. Presumably, a lifetime risk of IO-' is not to be exceeded aiid IO" is the lowest risk worth 
noting (i.e., risks below IO4 are negligible). 

Nevertheless, risk fimirs have apparently never beeii specified as such and i n  the case of 
contaminated soil, EPA finds the lifetime risk ( 3  x IO4) associatcd with 15 mrcni y-' "protective" 
and acceptable as ii limit (EPA 1996, p15) even though it exceeds the target. However. the risk 
associated with 25 mrem y-' ( 5  x IO4) is apparently not sufficiently protective of the public (EPA 
1996, p 34). Thus, there is an arbitrariness about just where to draw the line, an arbitrariness that 
unfortunately dogs all regulatory decisions of this type. Anothcr well-known circumstance at 
variance with the target risk is EPA's guidance level for domestic indoor radon that  is set at 
advising remediation for radon levels at 4 pCi L-' or more (EPA and DHHS 1986). This 
corresponds to a lifetime risk of 1-2 x IO-', well above EPA's normal aim for risk control (see 
footnote e). 

While a :;pecified risk limit may be attractive for all carcinogens, i n  the case of rxliation, a 
specified risk limit is at least superficially less satisfactory than a specified dose limit. for two 
reasons. First, dose is a physical measure of the iiniount of radiation i n  question and can readily 
be measured, which is a very important consicleration when establishing limits. Second, estiinates 
of risk per uni t  dose have been chaiiging substantially over tiiiie aiid h;ivc only recently appeared 
to stabilize (UNSCEAR 2000). linfortun:rtcly. risk. espccially ~lic type of latent risk resul!ing 
from carcinogenesis. is not readily measurablc and niiist hz calculated ol'ten from long-trt.:ii 
studies of the effects of the 3gent i n  question on populatioiis. Inhcrerit i n  m a n y  o f  these studies 2i.C 

uncertainties i n  the estimates of risk, some O F  whicli caiiiiot casily bi: recluccd. Consecliirntly. at 
the present time, i t  would seem more appropriate to CICI ;IS T)OI./EI'A/CDI'tIE [ 1996) have done 
and f i rmly specify ;I dose limit lor the maximally esposed ~~xlividiul hut to note the qpro.\iniiitz 
risk that is associated with this l imi t  ;is discussed i n  Scctiori E.?. I t  is this el'fective close limit' ( I  5 
mrem y-l for 30 years! that tias formed t~ie  basis 01' ttic risk zstiiiiates calculated i i i  this irppcndix. 
These are rnaximum risk estimates. The RSALs calculsteil i i i  t l i e  main body 01' this report ;I~c-: 

based on the 15 mreni y-l being reached only oiice ;IS tht: rcsc111 ol ' ;~ l.ire, aiid all other years were 
assumed to be ;it ;I lower exposure. Thus. the risk could raiigz from 7.5 x IO" as :I i i i in imurn  I 
year at 15 mrem y-' with all other years a t  zero esposiire) to 2.3 x I O  ;IS ;I maximuni (30 years at 
15 mrem y-I). Each 01' these limits is urilikely to represent the actual risk; rather. the risk falls 
so mew here be t ween them. 
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RADIONUCLIDE SOIL ACTION I,EVEI, 

TECH N I CA L S U Wl Wl A K Y 

CONCLUSIONS 

The prinian objectivc of this prqject has bcen to rcviav radionuclidc soil nction lcvcls 
(RSALs) adopted by tlie Department of Energy, the U.S. Environmcntal Protection Agency, and 
tlie Colorado Dcpartmcnt of Hcalth and En\4ronmcnt in  I096 for clcanup at the Rocky Flats 
Environmcntal Technology Site (DOE/EPA/CDPHE 1996). Anotlicr obJccti\.c has been to 
recommend a technical approach for independcntly deriving RSALs for the site. \Ye applied this 
approach to tlie Rocky Flats data using tlic most rcstrictivc csposurc scenarios approvcd b!. thc 
Oversight Panel and assuming a 10% probability that tlic 15 mrcm per !.car dosc l i m i t  ivill be 
cscccdcd (;.e. a 90% probability that tlie dosc limit \vi11 not be cscccdcd). Usin2 this approach: 
thc technically dcrived RSAL for 233t'4'Pu i n  soil at Rock!. Flats \\.ouId bc 35 pCi 3.'. This 
calculation \vas corroborated by an altcrnate mcthod calculation that also rcsultcd i n  an RSAL at 
thc 10% Icvel of about 37 pCi 8": suggesting 35 pCi 8.' as a tcchnicall!~ bascd RSAL for the 
Rocky Flats site. Thc results as prcsentcd are a reasonable indication of RSAL niaynitudcs bascd 
on purcl!, scientific considerations if the prescribcd dosc is not to be cscecdcd. 

Tlie calculation of i t r ~ n i u n i  RSALs \vas done sonic\vhat diffcrcntly than those for ~~lutonIum 
because of significant diffcrcnccs in the nature and cstcnt of contaniination and tlic mobitit!. of 
uranium in tlic subsurface. For cach uranium sccnario. consideration \\:as given to lvhctlicr 
ground\vatcr \vas a viablc patlijvay. A viable ground\vatcr pathway assumed that the surficial 
aquifcr underlying tlic site would provide enough watcr for human consumption and irrigation. 
The impacts of a probabilistic fire were also cvaluatcd but inclusion of this process in our 
calculations made littlc difference in the resulting RSALs. Assuming the ground\vntcr pathway 
was viable and a 10% probability that tlic dose limit \vi11 be escccded, tlic tcchnicall\: dcrivcd 
-"*U-RSAL for tlie.most rcstrictive=scenario:(thc-ranclicr-child) \vas I O  pCi g _ .  __. ~=.. ._ . ~ ~ .  . -~. ~ ~ ~~~. ..__ 

We believe the general approaches and results prcscntcd i n  this report arc sound and we 
recommend their adoption. Data limitations impose unccrtainties on cstimatcs of doscs. and we 
have becti careful to indicate these uncertainties in  our analysis. Tlie project's timc and budget 
goals precluded a niorc in-depth invcstigation of sevcral iniportatit areas of rcscarch that, if 
addressed in thc future, could strengthcn this analysis. We havc prcscntcd thcsc rcconimcndations 
for further research and recognize that they could changc tlie current rcsults somc\vhat and 
improve them as a basis for decision making. 

Our methodology is bascd on scvcral cstcnsions of a11 carlicr approach proposcd by 
DOE/EPA/CDPHE ( 1996) that used the RESRAD coniputcr program. The contract required that 
the work consider maximum annual dose limits of 15 and 85 nircni in any \car ovcr thc ncst 1000 
years. We adopted the 15 mreni pcr \:ear liniit for a tcchnically bascd RSAL bccausc it is morc 

corresponds to the target Icvel of risk associated \vith federal guidance (c.g. CERCLA). Although 
we considered several computer codes to use as the basis of our analysis, the RESRAD codc was 
adopted because i t  was tlic most practical clioicc and bccausc tvc ivcrc rcqiiircd to make 

- _  ~~ . - 1  - ~~ -. - ~ -  - . - .~ -. 

I protcctive of the public and bccausc our evaluation of risk associated \vith this dosc bcttcr 
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calculations \vitli RESRAD in addition to an!. other code that tiin!. h a w  bccn sclcctcd. I'licrcforc. 
wc dcsigned cstcnsions to RESRAD to incluclc ( I ) consideration of tlic hctcrogcncit!~ of 
radionuclide coriccntrations i n  soil aroiiiid tlic site. ( 2 )  clii:iiitification of the iinccrtaint!' in 
prcdictions of doset (2) consideration of additioiial csposurc scciiarios. and (4) trc:nlmcnt of thc 
possiblc occiirrcncc of a largc grass firc. 

Otlicr factors beyond the scope o f  this jvork should be considcrcd in tlic sclcction of clcanui) 
strategics for Rocky Flats. 1-lie soil action Icvcl that is applied for clcanup should bc dccidcd 1)). 
federal and state authoritics and the coiiiiiiiiiiit!~ \\,orking together to arrivc at  a clcanup Ic\.cl that 
providcs long term protection o f  the public. f-igurc 6 slio\vs probability citr\;cs for Ilic niost 
rcstrictive scenarios. This figurc broadl!. siimmarizes the results of oiir \vork. Partics in\.olvcd in 
thc dccisiori proccss might find tlic figure iiscfitl in thcir dclibcratioiis. kccpinz in  mind thc 
different csposurc sccnarios rcprcscntcd b!. the ciincs and tlic unccrtaintics involved. 
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Figure 6. Composite graphic illustrating the niost rcstrictivc sccnarios and 
showing a rcgioii ccntered at a soil action level of 35 pCi 3-l. Curvc A reprcsciits 
the rancher arid assumes that a fire occurs \vith a probability o f  I :  c u m  B 
represcnts the rancher scenario and takes into account tlic occurrcncc of a firc as 
;I probabilistic cvcnt; curvc C represcnts tlic child scenario and, likc ciirvc B, 
incorporatcs the probability of a fire. 
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Tlicrc are scvcral fcaturcs illustratcd in this figure that are important to notc. CurCc A. 
defincd by thc ranchcr scenario and \\.it11 thc probabilit!. of a firc cqiial to oiic, likcl!- rcprcscnts 
the most conscrvativc sct of assuinptions and hence tlic most rcstrictivc radionuclide soil action 
levcl. Wc say "likely" bccausc further research into the impacts of a prairie firc could sl ioiv that 
we havc iiiidcrcstimatcd tlic cffccts of the firc. Cuwc B represents tlic rancher and incorporates a 
stochastic niodcl of a firturc firc. With our assumption of a 10% probabilit!. of crcccding thc dose 
limit, this curvc yiclds a soil action Icvcl of about 35 pCi 3.' (tlic csact \due is 3 3  pCi 2.'). 
Toward thc left of the cunc, thc shape and slopc arc controllcd priinariiy by inhalation and the 

PU probability of occurrcnce and estciit of a firc. Ho\vever. as tlic soil concentration of 
increases, the contribution to dosc from ingcstion becomes more prominent. and the slopc is niorc 
influenced by this path\vay. Curvc C is that of tlie ranchcr's child \vith tlic stochastic firc modcl 
includcd. This curve is quite similar to that of thc rancher \\it11 tlic stochastic firc model but thc 
curve indicatcs this scenario is not as protcctivc as tlic ranclicr scenarios i n  tlic region of l o \ w  
RSAL conccntrations. At higher RSAL conccntrations ho\\;cver, this curve bccomcs niorc 
protective than that of the rancher bccause the ingestion path\va!. bccomcs morc influential. The 
steepness of the curve rcflccts less unccrtainty in  tlic calculation. The  rancher scenario \\-it11 tlic 
probabilistic firc is our basis for sclccting an RSAL at the IO'% probabilit!, Icvcl. 

To give a bctter visualization of our rcsults, \vc have undcrlain Figure 6 \villi a spcclnim that 
expands in both dircctions around 35 pCi g-' \vhich is about \vherc the rancher and child of the 
rancher cunrcs intcrsect the 10% probability Icvcl. Colors arc darkcr ncar tlic ccntcr of thc 
spectrum and lightcr farther out. I t  is important to understand that ctirvcs A: B, and C arc bascd 
on a sum-of-ratios calculation that incorporatcs tlic contribution to dosc from othcr radionuclidcs 
present in the soil in  addition to 2'9'2J''Pu. The graphic suggcsts a tcclinicall!~ bascd KSAL of 
about 35 pCi g" at thc 10% probability lcvcl and a rmgc of possiblc RSALs in  both dircctions 
centered at this value. Although thcrc is no quantitative basis for tlie boundaries of this rangc. it 
is apparcnt that going too far in either dircction from the ccntcr of the spectrum can potcntiall!. 
be problematic for a variety of reasons. Radionuclide soil action lcvcls that arc significantl!. lo\vcr 

~ may corrcspond to unrcalistically conscrvative sccnario dcscriptions. \diich could lcad to 
significantly greater cleanup costs than can bc justificd. On the othcr hand. RSALs that are 

impact human health. I t  is especially impokant to understand thattlic=cl;llcul~tioii~~ba~~~'oii thc- 
child scenario and influenccd primarily by soil ingestion is scicntifically \\;ell supportcd. I t  is 
unlikcly to change greatly unless values for important paranietcrs change, such as thc dosc 
conversion factors or the soil ingestion rate, Thercfore, curve C cffcctivcly rcprcsents an uppcr 
bound for the RSAL. If the soil action level wcrc too close to this curve. thc probability of 
exceeding the dosc limit is grcatly incrcascd. 

We also developed an altcrnate method for calculating acccptablc lcvcls of radionuclidcs in 
soil. This method was bascd on calculating annual doses to the rcccptor for diffcrcnt rcnicdiation 
(].e.: cleanup Icvels) levels. The remediation level that resulted i n  a 10% probability that thc 15 
mrem dose limit would bc escceded defincd the RSAL. This method niorc csplicitl!, addrcsscs 
the hcterogeneity of the site and makes it possible to estiniate RSALs that corrcspond niorc 
directly to a rcniediation stratcgy than does the sum-of-ratios tcchniquc uscd \vith RESRAD. Thc 
approach is more difficult to implcment and thcreforc has not becn fully autoniatcd in thc 
analysis. However: bccausc it is niorc esplicit, it is a usefiil chcck on the sum-of-ratios mcthod, 
and \IT includc its results in these conclusions. This altcrnatc calculation rcsultcd in an RSAL at 

234' 2411 
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-"o- 7-161 tlic 10% Icvcl of about 37 pCi g" for -_'' - 1'11, suggesting tlic vnluc o f  35 pc'i g" sliould bc 
stronyl!. considcrcd as a technicall!. bascd RSAI, for tlic Rock!. Flnts site. 

Our anal!,sis is bascd on tlic best a\:ailablc data and iiicthods that \\e could cniplo!.. During 
the coiirsc of our Ivork. \vc ha\.c idcntiiiccl important i.cscrircli tIi;it should be completed in  ordcr 
to strcngtlicn our methodolog!.. In addition. changes i n  the design spccilications or sccnario 
assumptions on \vhich this mcthodolog!~ is bascd \votlld clicingc tlic rcsults accordingl!.. This 
flcsibilit!. is qiiitc important to kccp in  mind bccausc a numbcr o f  issues tliat could affcct thcsc 
rcsults haw bccn rniscd during thc coiirsc of our \voik. 

WhiIc our methodolog!, and t l ic rcsulting RSAL \.alucs arc scientificall!. dcfcnsiblc and arc 
bascd on sound scicncc. RAC' bclicws that additional \vork could rcducc sonic of thc unccrtaintics 
and rcfinc thc RSALs. llicrc \vcrc spccific arcas \\.hcrc niorc information or morc organizcd 
rcscarch and scicntific inquip. \vouId lia\:c allo\vcd us to makc bcttcr cstimatcs of paranictcrs or 
to dcvclop morc \vcll-cictincd mcthods in our approach. Forcmost among thcsc arc data that 
quantify the impact of a prairic firc on tlic land no\v occii~~ii'd b!. thc Rock!. Flats sitc and the data 
from thc Actinidc Migration Evaluation studics. Other important arcas includc: 

cffcct of  prairic fircs on thc resuspension of matcri;il 
timc scqiicncc of rcvcsctation fOllo\ving a natural c\'cnt likc a firc 
morc rcalism in  thc resuspension model for Kf?SRAD 
developing a nicthodology to cstimatc tlic offccts of combincd csposurc to both thc 
uranium hotspots and thc ividcsprcad plutonium contamination at Rock!. Flats 
construction of a computer-implcriicntcd model of tlic Rock!- Flats to pcmiit llcsibility i n  
anal\.zing diffcrcnt radioniiclidcs. soiirccs. and p;itli\va!,s 
groundivatcr transport propertics at Rocky f-lats 
nc\v discovcrics about sitc-specific distribution cocflicicnts 
potential for accumulation of actinidcs on offsitc lands and \vntcr rcsoiirccs 
protection froin violation of the Rock!. Flats Cleanup Agrccmcnt (RFCA) surfacc m t c r  
standards for plutoniuni 

A sound tcclinical foundation aid crediblc scientific iiictliodolog!. are the most important 
clements in setting soil action lcvcls for Rocky Flats sitc. I-lo\\:c\;cr, the final dccision on setting 
the RSALs ultimately lies i n  thc hands of the stakcholdcrs, DOE, and other State and fcderal 
authoritics. Thcrc are other criteria that influcncc tlic dccision-making process for the Rocky Flats 
sitc, such as thc cost of cleanup, protection of ecological rcsourccs, and community values. The 
approach to cleanup that is ultiniatcl!. implemented by the DOE at thc RFETS \vi11 involve many 
political, social, economic, and moral dccisions. It is impcrativc that all involved in thc decision 
process rccognize thcsc factors and the integration of ideas that must go into making a decision of 
this t q e .  

RAC's task \\:as to evaluate the RSALs adopted for Rocky Flats in 1996, to dcvclop a 
methodology for indepcndcntly dcterniining RSALs, and to calculate RSALs for Rock!. Flats by 
applying this methodology. Wc concludc that applying our nicthod to tlic csposurc sccnarios 
approved by thc Ovcrsight Panel, using I 5  mrcm !.-I as a dosc limit, and assliming a probability 
levcl of 10%: indicatcs a technically based RSAL for --. Pu in soil at Rocky Flats of 35 pCi g-'. 
For uranium, a tcchnicall!. dcrivcd RSAL using our nicthodolog!; and assumptions \\:odd be I O  

720t 240 

A pCi g-'. 
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EXECUTIVE SUMMARY 

The primary objective of this project has been to review radionuclide soil action levels 
(RSALs) adopted by tlie U.S. Department of Energy, tlie U.S. Environmental Protection Agency, 
and the Colorado Department of Health and Environment in  1996 for cleanup at the Rocky Flats 
Environmental Technology Site. Another objective h a s  been to recommend a technical method 
for independently deriving RSALs for the site. As a result of public concern about the soil action 
levels established in 1996, the Radionuclide Soil Action Level Oversight Panel, a group of 
community members with considerable experience in  Rocky Flats issues, was formed. In 1998, 
DOE provided funds for the Radionuclide Soil Action Level Oversight Panel to select a 
contractor to conduct an assessment of tlie interim RSALs and to independently calculate RSALs 
for the RFETS. Through a competitive bidding process and evaluation, Risk Assmsmmf  
Corporation (RAC) was selected by the Radionuclide Soil Action Level Oversight Panel to carry 
out the study. 

RAC's methodology for determining RSALs applicable to the Rocky Flats site \vas based on 
several extensions of an earlier approach proposed by DOE/EPA/CDPHE that used the RESRAD 
computer program. The contract required that the work consider niaxihwm miual  dose limits of 
15 and 85 mrem in  any year over the next IOOO years. /ZAC adopted the 15 nirem y-' limit for a 
technically based RSAL because i t  W;IS more protective of tlie public. Although several computer 
codes were considered for use as the basis of /Z/\C's analysis, the RESRAD code wis adopted 
because it  was tlie most practical choice and w;is required to be used i i i  acldition to a n y  other code 
that may have been selected. RAC designed extensions to RESKAD to include ( I  ) considering the 
heterogeneity of rad ion ucl ide conce n t r;i t ion s i n soi I arou nd t hc: si IC, (2) cluaii t i fy i n g u l ice rt ;i i n t y i 11 

predictions of dose, (3) considering additioiial zsposur~:  scciixios, aiid (4) tiuting the possible 
occurrence of ;I large grass fire. The exImsiire pathways  coiisiclerecl were inhalation, soil and food 
i nges t ion, and ex terna I i rracl i at i on. I n  iidd i t i  011, grou lid \\,:iter ~ise for both i rri ga t i oi i it nd d r i n k i 11 g 
water was assumed for some sceiiarios. 

The RSAL values include estiiiiates of tlie uncertainties and arc: dcsigiiecl to ensure t h a t  the 
permitted annual dose limit for the targeted individual is ~:scecdecl only with lo\\/ probability. For 
each scenario, curves were presented t h a t  rcprzscnting the probability of csceetliiig the radiation 

'39i.240 
-- = dose limit as a-function of -I I_Pu o r i i i g  ~ J I  concgnti.ition< i n  tlie soil E d i  probability level - -  - - -  

- -  - - - 5 __ = _  ~ 

- -  - -~ _. -~ - _  -~ 

corresponds to ;I disrinct concentlatioil 01 ' o l ~ l l  or L I I ' I I 1 I L l l l l  Ill 5011. 

RAC applied this methodology t o  tlie IXocky FI;its tlata using the inost restrictiw expos~ire 
scenarios approved by tlie liocky FlLits Soil Actio11 Level Oversight Panel arid assuming ;I 10% 
probability that the 15 mrem y-l close l in i i t  will bc: csce~:clecl (ic. ;I 90% probability that the dosc 
limit will not be exceeded). Using this a p p r o x h ,  the technic:illy derived RSAL for -. I u i n  
soil at Rocky Flats would be 35 pCi g-'. This c;ilcul;itioii \\us corroborated by ail alternate inethocl 
calculation that also resulted i n  ;in RSAL ;it the 10% Icvcl 0 1  about 37 pCi g-', suzgesting v 35 pCi 
g-' as ;I technically based RSAL for tlie liocky Flats site. Thc results ;IS preseiitecl are ;I reasonable 
indication of RSAL magnitudes basccl on p~irely sciciitil'ic coiisitlci-ations i t '  the Ixwcribed dose is 
not to be exceeded. 

The calcu Int ion of uraii iu  m I<SAI,s was clone soiiicwliiit cl i fl.eixntl y t h a n  those for pl iiloni uni  
because of significaiit differences i n  (lie nature aiicl C:stC:iit 01' coiitamiiiatioii iiiicl thi: iiiobility of 
11 rani uin i n the su bsurf;ice. For c;ic h u riiii i u 111 scenario, considerat ion \viis gi veii to whet her 
C. :roil nd w;i ter \ w s  ;I v i able pa t li ivay. )\ vi  ah IC: gi-oil nd iv;i t i: r path wi y ;issu niccl I I; ;it t he s i i  r 1: i c ia I 
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aquifer underlying the site would provide enough water for human consumption and irrigation. 
The impacts of a probabilistic fire were also evaluated but inclusion of this process i n  O L I ~  

calculations made little difference i n  the resulting RSALs. Assuming the groundwater pathway 
was viable and a 10% probability, the technically derived '"U IiSAL for the most restrictive 
sceiiario (child of rancher) was 10 pCi g-'. 

We believe the general approaches presented i n  this report and these results are sound ancl  
we recoininend their adoption. Data limitations impose uncertainties on estimates of doses, and 
we have been careful to indicate these uncertainties in  our analysis. The project's time and budget 
goals precluded a more in-depth investigation of several important areas of research that, i f  
addressed i n  the future, could strengthen this analysis. We have presented these recominendations 
for further research and recognize that they could change these results somewhat and improve 
them as a basis for decisioii making. 

Public invoIvement was particularly important in this study because of the impact the 
cleanup may have on the local communities surrounding the site. RAC, along with the Rocky 
Flats Soil Action Level Oversight Panel, were committed to ensuring that there w a s  public 
i 11 vo I ve me n t and i 11 te rac t i o 11 el u r i 11 the e 11 t i  re rev i e IV process through open tec ti 11 i ca I work 
sessions and general public meetings. 

A sound technical foundation and credible scientific methodology are the most important 
eletiients i n  setting soil action levels for Rocky Flats site. I-io~vever, the final decision on settins 
the RSALs ultiiiiatcty lics in  the Ii;rnds of the stakeholclers, U.S. Dcpartiiieiit of Energy, State and 
federal authorities, atici the coiiimunity working togcthcr to arrive at ;I cleanup level that provides 
long term protectioii of thc public. RAC believes that aclclitional research i n  specific ;irc;is could 
rectuce sonic o I  the. iiiicertainties a n c ~  tictp to ctevctol) more \vet~-dcfiiied methods i n  the approacli. 
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TECHNICAL SUMMARY 

INTRODUCTION 

The Rocky Flats Environmental Technology Site (RFETS) is owncd by tlie U.S. Dep;irtment 
of Energy (DOE) and is currently operated by Kaiser-Hill Company. The RFETS is located 5-6 
mi (8-10 kin) from the cities of Arvada, Westminster, and Broomfield, Colorado, and I6 mi (26 
kni) northwest of downtown Denver, Colorado (Figure I). For most of its history, tlie Dow 
Chemical Company opcrated the Rocky Flats Plant as a nuclear wcapons research, dcvelopment, 
and production complex. For almost 40 years the site manufactured components for nuclear 
weapons, and, i n  the process, rclcased contamillants to the environment. In 1989 Rocky Flats 
stopped weapons parts production and, i n  1992, began the process of cleaning up contamination 
at the site. The soil on the Rocky Flats site is contaminated with plutonium and uranium from 
routine and accidental releases of radionuclides during operations, and from leaking barrels of 
contaminated oils and solvents that were stored at the 903 Area, an outdoor area directly east of 
the main buildings at the Rocky Flats plant. 

Figure 1. Aerial photograpti 01’ the Rocky Flats Plarit looking nortliwcst. The highest levels 
of‘ plutonium i n  the soil arc I‘oiiiid i n  the vicinity of thc 903 I’atl, which is marked on thc 
p II 0 tog1-3 1) I1 . 
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Tlie focus of the current project was to develop ;I methodology for determining radionuclide 
soil action levels (RSALs) and to calculate RSALs for Rocky Flats by applying this methodology. 
RSALs are certain levels or concentrations of one or more radionuclides in soil above which 
remedial action should be considered so that people do not receive radiation doses above 
permitted levels. In October 1996 DOE, the US. Environmental Protection Agency (EPA), and 

the Colorado Department of 

Heal th  and Environment 
(CDPHE) adopted radionuclide 
'Oil action levels to be in the 
cleanup of the Rocky Flats site 
(DOE/EPNCDPHE 1996). 

As a result of public concern 
about the  soil action levels established in  1996, the Radionuclide Soil Action Level Oversight 
Panel (RSALOP) was formed. The RSALOP is a group of community members with 
considerable experience in Rocky Flats issues (see Appendix E). In 1998, DOE provided funds 
for the RSALOP to select a contractor to conduct an assessmeiit of the interim RSALs and to 
independently calculate RSALs for the RFETS. Through a competitive bidding process and 
evaluation, Risk A s s c s s m t i t  Corpororiori (RAC) w a s  selected by the RSALOP to carry out the 
study. Work begaii in  October 1998 and tvas completed in March 2000. 

This I'inal report summarizes RAC's work 011 the soil action level project. It provides an 
overview of the pro-ject and includes as attachments the full set of technical reports issued as a 
part of this project. This report outlines the background to the project aiid scope of work. It 
describes thc incthoclology that we developed for clctermining RSALs, and identifies the results 
we obtained for c:ach scenario. This report also describes the individual project tasks iincl how 
they contrihured to the prqject as a whole. Finally, w e  provide technically derived RSALs for 
m t x n  Pcr and iiraiiiiiiii i n  soil at Rocky Flats and discuss our conclusions conceriiing the 
iiic t lioclol og y ;I ntl its ap p I ica t ion to soi I clean up at R FETS . 

action levels proposed in 1996, DOE provided ficiiditig 

OnJECTIVES AND DESIGN OF THE STUDY 

The oL?jective 0 1  this current study \v;is to coiiduct ;in independent assessment of the interim 
IlSALs adopted by DOE/EPA/CDPHE i n  October I996 (DOE/EPA/CDPHE 1996) and to 
develop and apply A niethodology for detennining RSALs applicable to RFETS. 

The scopc of work dictated a number of design objectives for tlie methodology: 
I .  To base the soil action level  011 a dose limit, rather than a level of risk. 
3. To consider two close limits: 15 mrem i n  a year (15 mrem y-I) for unrestricted use of the 

site, and ss mrem in a year (85 mrem y-') for unrestricted use after failure of land use 
coiitrols at the site These dose limits are those chosen for the 1996 assessment 
(DOE/EPX/CDPHE 1996) and are based on Draft Title 40 CFR 196. RAC developed 
technically based 1isA.L~ using tlie 15 mrem y-' dose l imi t  for two reasons: i t  is more 
protective nt' the public and our evaluation of risk associated wi th  this dose better 
corresponds to the target level of risk associated wi th  federal guidance. 

->. To coiisicler a n y  realistic scenarios of exposure for the future, without being restricted to 
previously proposed scenarios. 

4. To incliiilc uiiccrtainties i n  thc calculation to the greatest extent possible. 

- -  
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5 .  To incorporate site-specific data into the calculation where they are available. 
6. To evaluate different computer codes available for calculating RSALs and select one that 

is the most appropriate for the situation at Rocky Flats. The RESRAD environmental 
transport computer code (Yu et i l l .  1993) was used i n  the previous assess1iient as 
specified by DOE Order 5400.5. 

7. To use a dociimented and reviewed computer code, though the code could be modified to 
improve the quality of tlie calculation. 

8. To evaluate a11 input  parameters to the RESRAD computer code and suggest alternatives 
if  values are not appropriate for the Rocky Flats site. 

9. To coinplete the work within the time constraints given and interact with the RSALOP 
and tlie public at 
mon t ti I y ava i labi I i t  y 
sessions rind formal 
iiiee t i i i  gs . 

The work was broken into 
eight prqject tasks that we 
describe in detail below. First 

Tlie dose limits for tlie project, 15 t?ireni y-' and 85 inrern 
y-', are based 011 draft EPA guidance and are tlie dose 
limits irscrl in the previous DOE/EPA/CDPHE assessriierit 
iri 1996. Tlie 15 iiireiii dose liriiit applies to a site that is 
operi to the pirblic arid is the iiiore important liiiiit for this 
project. 

we outline a number of otliei- factors that influciiced the RAC methodology. RAC recognized that 
the goal of soil actioii levels is to Iirotect people who may.  in the near or distant future, come into 
contact wi th  ;I site where [lie soil is contiiiiiinated with rxlionuclides a t  levels above background. 
Therefore, setting soil actiori levels m u s t  consiclcr how: 

0 Particu1;ir radioactive inaterials arc traiisImr[rcI iri tlie cnvironiiicnt to people 
 transport p i  t I1 \vays) 
People might he csposed to tlie radioacti\rc niatcrials (exposure scenarios) 
Rxliation close to ;I person is ussessccl (radiation dosimetry) 
Rad i ;I t i 011 protcc t ioii gii iclr I i l ies arc a p  1'1 iecl (;I 11 ii u;i I close I i mi ts). 

Beca~ise 01' tliesc considerations, Ri\C coiicciitratccl on several processes innportant in  the 
traiisport ot' raclioxtive iiiaterials in  air a i d  \viiter in ; in  area like Rocky Flats aiid developed 

tlie pcrsoii liviiig onsite lull-time is protected. tlien the person living ot'fsite will be protected. It 
\vas also iniportaiit to undcrst;incl tlie behavior of radionuclides i n  the soil and how soil can be 
d i s t urbed or resiispeiicled, because i nlialat ioii ciiii be oiic of the important ex posure p i t  ti w a y s  for 
those liviiig on or iie;ir tlie site. The potential significance 01' tlie comples groiliidwiiter p;ith\vay 

~~~ ~ ~ = ~c -=-- ~~- ~e?cposure-sceiiarios foi-.the project. in,clesigiiiiig tlic.sceiiarios,SRr-\_C_ Fo!!o\\igi tile Ixjiicjp.let!iatil' ~~ . - . 
--_ -~ ~ ~ 

\viis coiisiderecl cluriiig the 
pimject. IZAC elid not ;issrss the 
gro LI I icl w i  t e r pa t  I) way i I I el c: t ;I i I i ii 

little is iio\v known. Estciisive 
oiigoing rcscarch by tlie Actiniclc 
hl i gra t ion (A bl E) 
tcaiii is espectcd t o  pi-oviclc data 

tllZ IZSAI- project bccause too 

Eva I u;it i 011 

Rerrlioirrrclirlc soil actiori levels cuii he crrlculntcd for 
irrelivielrrcrl rcidiorrrrclides in tlre soil. I n  reality, tlie soil 
cotrtciitrs cr trrir c,S railionirclicles tlrnt c m  contribrrte to 
rnilicitiorr closc; tlicrc fore, n riratlienintical tiietliod, called 
tlic .sirrti-~~~-rnti~).s, weis rrsed 
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provide a likely-conservative calculation because the groundwater pathway could not clearly be 
ruled out as a possible exposure pathway for the future. W e  recognized and pointed out, however, 
that our assessment of the groundwater pathway was limited by tlie complexity of tlie pathway 
and a lack of available information. 

RSALs can be calculated for an individual radionuclide, as though i t  were the only one 
present in  the soil. Realistically though, tlie soil contains ;I mix of radionuclides that collectively 
contribute to dose. A mathematical approach, called sum-of-ratios, was used to combine the 
individual RSALs and assess the mixture of the contaminants in the soil. The concentration of 
each radionuclide is divided by its RSAL, and these ratios are added. The dose l imit  is exceeded 
if this sum-of-ratios is greater than I. Conversely, the dose limit is not exceeded if the sum-of- 
ratios is less than or equal to I 

Each soil action level can be calculated in  two ways: deterministically or stochastically 
(where uncertainties are considered). When calculated deterministically, the soil action level 

A cletermiriistic calculation yields a sirrgle ririmber 
becaiise the iripitt values are single riiirribers with the 
result or oiitput fiorii the calcrtlatiori beirig a siiigle 
riurriber. I n  coritrast, a stochastic calculation takes irito 
accourit the iiricertaitrties of tlie iripiit parameters, arid it 
results iri a ilistributiorr of possible results. IVe iidopted 
the stoclicistic approach iri this study. 

represents a single number, 
without indication of uncertainty 
i n  the value. In this case, when 
the ratios of radionuclide levels 
divided by soil action levels are 
summed and compared with 1, 
the sum-of-ratios is itself a 
deterministic quantity; that is, a 
single nLiniber, wi th  typically no 
indication of uncertainty. This is 

the appro;icIi ~isccl i n  t l ie  intcriiii soil actioii le\.cl calculations (DOEEPNCDPHE 1996). 
Howe \Y rl t lie I no vemcn t o f e x  li rad ion uc I ide t ti rough en vi roil menta I ined i a   id i 11 to 

possible cgitact with pcople is xi uncertain process, and matliematical models are used to 
simplify these processes. 

In ;I stocliastic calculation, the natural variability and lack of complete knowledge about tlie 
paraineters c;iii be trcated ;IS parameters with probability (or uncertainty) distributions. In this 
case, the soil action levels and sum-of-ratios that result from the model calculations, reflect the 
uiicertainly of the i n p u t  parameters. The data and inpu t  parameters ;ire presented as probability 
d is t r i bcr t i oils, 11 si iig probab i I i t y theory and Monte Ca rI o coin pi1 t a t ional met hods to propagate 
uncertainty to the results. Many simulations are carried out using random sampling to select 
values from tlie distributions of moclel parameters. This simulation yields :I range of values that 
are used to coiistruct uncertainty distributions for the results. 

When uncertainties i n  soil action levels are considered, the decision about the extent of 
cleanup is not ;IS straight-forward as i n  the deterministic case, where the sum-of-ratios is ;I single 
nuinber thiit is to be coiqxired to I ,  When uncertainties are considered i n  the calculation, the 
sum-ol'-rntios is ;I distribution of values, which provides a11  estiinate of how probable i t  is that the 
suin-ol'-r;itios exceeds I .  I f  t h a t  probability is small, then a decision may be made that no action is 
recluired, evcn though tliere is some possibility that the annual dose l imi t  co~ilcl be exceeded. 

tdiriically der-ivecl RSAL for 2'9+140P~~ ;riicl cir;iiiiuiii in soil at Rocky Flats. The RSAL values 
iiiclutlc estiinatcs of the Lincertninties and ;ire clesigned to make i t  unlikely that a scenario subject 
would rccei\rt: inore than ;I I 5 inrein y-' c~osc. B y  protecting the most conservative individuals 

R.l-.. sed on RAC's methodology, i n p u t  parametcrs, and exposure scenarios, we provided a 
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described by the scenarios, the RSALs should protect others as well. The technically derived 
RSAL values selected from this methodology are those calculated to ensure that the permitted 
ayiual dose l imit  for the targeted individual is exceeded only wi th  low probability. 

. 

PREVIOUS CALCULATIONS OF INTERIM SOIL ACTION LEVELS 

Table 1 presents the interim soil action levels adopted i n  1996 (DOEIEPAKDPHE 1996) for 
individual radionuclides, assuming the presence of no other radionuclides. To represent RSALs 
based on .a mix of radionuclides in the environment, the suin-of-ratios calculation, described 
earlier, must be completed. DOE/EPA/CDPHE completed an cxample of this type of calculation 
in their 1996 report, using a fixed ratio of 239.21aPu and ""Am. Table 2 shows the results of these 
calculations. RAC's calculations inherently include the suin-of-ratios assumption of shared 
residence of contaminants i n  soil. 

Table 1. Individual Radionuclide Soil Action Levels ( in pCi g*I) Adopted by 
DOE/EPA/CDPHE i n  Octobcr 1996" 

Res iden t Office worker Open space user 

Rad i on iic I iclc 15 mreiii' 85 m-cmh I 5 inrein' I5 mrcmh 

Americiuni-24 I 3 s  215 209 I283 
PI u t  on i 11 111-2 39 252 I429 IO88 9906 . 
PI iiton i 11 m-240 253 1432 1 os9 9919 
Uran i 11 m-234 307 I738 I627 I 1500 
Uraniuni 235 24 135 I13 1314 
Urni I i i i  111-2 3 S IO3 586 506 5079 
i'Taken lroiii Talilc 5 -  I, II013/EPA/CDPHE ( 1996). Tlicse RSAl-s were calcul;iiccl using ;I 

di t'l'crent iiictlioclology t l i a i i  the RSAI, \~alues t l i a l  Ki\C calcti1:ited ani1 prescnts i n  this report. 

Resident 0 lfice Worker 
R ;I cl i o 11 ii  c I i cl r: I 5 mrem I' s 5  mrem" I 5 mrcmh 
I~lutoniiiin-239,24~ I15 65 I 
Aiiicriciuni-24 I 31 I17 

562 
I 0 I 
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RAC's approach to calculating RSALs and the approach employed i n  the previous 
DOE/EPA/CDPHE ( 1996) assessment cannot be readily compared because the two assessinents 
used quite different assumptions. The two sets of calculations were performed with different dose 
conversion factors and different soil resuspension models and data. Additionally, i n  the 
DOE/EPA/CDPHE (1996) calculation, the principal pathway contributing to a person's dose was 
inhalation; in  the corresponding RAC estimate, ingestion played ii much more significant role. 
Finally, the  DOE/EPA/CDPHE calculation was deterministic, whereas RACS was stochastic; the 
RSALs provided by RAC represent the 90th percentile of a stochastic simulation. RAC also 
included the effects of a prairie grass fire i n  the calculation of soil action levels for each scenario, 
considering the probability of a fire occurring in  the area (see Tusk 4: Methodology for  
Deier-niirziizg Soil Action Levels section). Evaluating similarities or differences between RAC's 
RSAL values and those reported i n  the DOE/EPA/CDPHE (1996) is inappropriate because of the  
numerous differences between the methodologies used. 

PROJECT TASKS 

To calculate soil action levels for the RFETS, the current project was designed to follow a 
careful and systematic course. The selected approach proceeded after selecting a computer code 
to analyze exposiire pathways and sensitive paranieters affecting the final results. This project 
was laid out i n  eight tasks. Five of the tasks (Tasks I ,  2, 3, 5 ,  and 6) resulted i n  written reports; 
one task was completed as a presentation (Task 4); and two tasks (Tasks 7 and S) were ongoing 
tliroughout the prqject. Table 3 suinm;irizcs the prqject tasks. 

Each task listed i n  Table 3 was an important step 111 the process of this work. The following 
p;iges esplaiii each task i n  cletnil. Our tliscussioii begins with Task S, and is followecl by Task 7, 
because these two tasks involved interaction throughout the projcct. 

Td)k 3. Prc),jcct l a sks  arid Reports 
Location i n  

Task Reference current report' 
Attach nien t A I : Clcanup Levels ;it Other Sites Weber and Till, 1999 

2: lieview Computer Models to 
Calculate Soil Action Levels 

3 : I n  puts and Ass 11 mp t i on s 
4: Methodology for De termi ning 

Soil Action Levels 

5 :  Independent Calculation of 

6: Soil Siiiiipling Protocol 
7: Interaction with Actinide 

S: I'ublic Iiitzrnction 

RSALs 

Migration Evaluation team 

Killough et al. I999 Attach men t B 

Aanenson et al. I999 Attach inen t B 
Prescntzd a t  November 1998 At tach men t B 
RSALOP meeting; 
described i n  Killough et al. 2000 
Killough et at. 2000 Attach men t B 

Thoriie iind Rood I999 
NO report required 

Attach men t C 
At tac t i  men t D 

No report rcquired 
'' The layout of the filial siiniiii;iry report W;IS specified i n  the project contract; this required that 

the reports for Tahk 2, 3, uid 5 be grouped into Attachment B. 
Attachincnt D contains writteii suiiimaries of the cruartcrlv A M E  meetincs. h 
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TASK 8: PUBLIC INTEIiACTION 

Public involvement was particularly relevant in this study because of tlie impact tlie cleanup 
levels [nay have 011 the local communities surrounding the site. With any study that involves 
members of the public ;is stakeholders, i t  is important to involve the public in new and creative 
ways in  the decision-making process. RAC, along with the RSALOP, focused on this end 
throughout the project by scheduling and conducting public meetings and making written 
materials available. Advanced Integrated Management Services, Inc. (AIMSI) provided 
management support to the RSALOP for the project. The Citizens’ Advisory Board managed the 
DOE grant for the work, riiade their web site available for the dissemination of project 
information, and provided technical assistance throughout tlie project. 

It was iiiiportant to keep tlie public and local stakeholders informed about the scientific 
review of the interim RSALs uid calculations undei-taken by RAC. The RSALOP, as well as 
RAC, were committed to ensuring that there was public involvement and interaction during the 
entire review process. Monthly meetings were scheduled to update the RSALOP on the progress 
of the project. The monthly RSALOP meetings were important forums for interaction with tlie 
RSALOP, the agencies, and the public. During these meetings, RAC received guidance from 
RSALOP members regarding the direction of the project and input parameter values. Ideas and 
insights coming from disccissioiis at  these meetings \voiild have been lost had this interaction not 
ex is ted. 

The RSA1,OP and f</\C agreed to hold iiitoriiial public technical sessions iiiiiiiedintely 
bel’ore the regular iiiontlily meetings to make sure all ciiicstioiis co~ild be addressed and all issues 
discussed IuIIy. ’I’licse tecIiilic:iI \vork sessioiis gave anyone interested in attending ;I chalice to 
ask iiiorc specil’ic questions and  to discuss the technical details of the work. These sessions scrvecl 
;IS rou lid- tab le tl i sc uss i o ii s and much IVX accoiii p I is lied by ex plai ii i ng our mc t liodo I ogy , 
clarifyiii~ issues, and preseiitiiig examples of our work to tlie atteiidces. 

Three general public meetings took place during the course of the project. The public 
nieetings iverc geared to\varcl a general audience to update them on the work being done m c l  to 
res po 11 cl to t ti e i I- clues t io t i s  ;I ii d co I ii  me 11 t s . 
~~- .-==A special worksholj-on- 
I I ,  1999, in respoiisc to piinel coiiceriis about radiation risk estimates aiid how they are derived. 
This \vorkshop, led by Mr ,  Charles Meinhold, I’resicleiit of tlie National Council on Rxliation 
Protcctioii aiid Measurements, \\’;IS o p i  to the public and helped inform the RSALOP about 
current pr;ictices i i i  risk protection and management. 

Five peer reviewers froiii around the country, contracted by the RSALOP and paid fro111 
community funds, reviewed and provided written comnieiits 011 each of our five draft technical 
reports. We also rcccived review comments froiii RSALOP members, DOE personnel, and otliers 
attending the nionthly meclings. This revicw proccss Iielped identify ~ e a s  of coIicerii not already 
coiisicleimI and ~illo~vetl Lis to adclrcss many of the coiiccriis wi th in  tlie context of o ~ i r  work. We 
respoiicletl to all coiiiiiiciiIs i i i  \vriting, and tliese respoiises \vert: reviewed :tnd :icceptecl by the 
IZSALOI’. The I‘inal reports refrlected changes iiiatle i i i  respoiise to dl revicw coiiiiiiciits. The 
process of  piiIiIic intcixctiuii u i t I  rc\vicw took pIace tIirougIiout the entire prciject and provicled ;I 

\ ~ I ~ i a b l e  1iie:iiis for iclcntifying issues t h a t  were critical f o r  tlie pLiblic. 

. .  . 

m ex po s 11 rc = t 0. rad i onc t ive. ma te r i a I s ~ v ; ~ s = h  eld - _ _ _  ~- . ~ .  . ~~ ~ ~ 
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TASK 7: ACTINIDE MIGRATION EVALUATION AT ROCKY FLATS 

The Actinide Migration Studies group was established by DOE i n  1996 to investigate and 
Pu, '41Am, and uranium transport i n  the site environment. (The project was later 

renanied the Actinide Migration Evaluation [AME]). Periodic technical and public meetings have 
enabled the scientists involved in  the study of actinide movement i n  the Rocky Flats environment 
to report on the progress of their work. Their input into our project was valuable, and Attachment 
D contains summaries of meetings held during the course of the project. 

Quarterly AME working meetings were held throughout the duration of the RSAL project, 
and KAC attended the meetings to gather information that might be helpful for our studies. 

239.140 

Firirliiigs frorii the Actinide Migratiort Evaluation studies 
were iiicorporated irito our calculations arid results. 
Studies verified that ( I )  plutoriiurn is in an irisolulile 
forin iri the soil iri the 903 Area, an outdoor storage area 
that is Iieavily corrtaniinated arid that (2) actinides niove 
through tlie Rocky Flats erivirorinierit quite slo~vly 
toward the aquifer, i f  they move at all. 

Research on actinide migration 
processes at Rocky Flats is 
relevant to the current soil 
project because the studies may 
he I p characterize the c he ni ical 
and physical form of plutonium 
at the Rocky Flats site and help 
define . the potentially 
significant pathways of 

exposure. To date the research into the movement of actinides i n  tlie Rocky Flats environment has 
not provided any new models of groundwater movement. but it did provide RAC some 
inforination to make O L I ~  calculations more site-specific. For example, surface water discharge 
and actinicle activity data from site monitoring progruiis during the 1990s were compiled to 
compute actinide loads on ;I storin-specific and annuai basis. Other studies report 239.240~u ancl 

Ani activity i i i  surface soil siimpled i n  the Walnut and Woman Creek watersheds. These types 
oF data c;in be used to calibrate the models tlint estimate soil erosion and associated actinide 
triinsport. Other work is uiiderway to characterize plutonium i n  samples from the 903 Area using 
state-of-the-art analyticiil techniques. This work has so far concluded what many have assumed 
al l  along--tliat plutoiiium i n  the soil a t  Rocky Flats is insoluble Pu02. While results from some of 
tlie AME studies indicated that this insoluble form of plutonium might not enter groundwater, 
/?A C iisecl ;I coiiscrvative approach to address the question of whether or not the groundwater 
exposure p;itli\vay could be ruled out of the current analysis. We understood the importance of 
c c,.roiind\vater and surface water pathways in  the long term and we included the groundwater 
Ixithway in  one of our scenarios. We did recognize, however, that our assessment of the 
groiindwater pithway was limited by the complexity of the pathway and, therefore, we used 
broad r;i n ges of va I Lies fo I- the so i I -wa t e r eq u i I i b r i u in d is t r i b LI t i on coefficients . 

The AME work provided two key pieces of information to the current study. First, the AME 
research provided a qualitative picture of movements of actinides through the Rocky Flats 
environment; that they move quite slowly toward the shallow aquifer underlying the site i f  they 
iiio\'e at all. Continuing research will hopefully solidify understanding of these processes and 
perhaps produce ;I more complete model for actinide movement in  the Rocky Flats environment. 
Scconcl, soiiie ot' tlic AhlIE's research \vas adapted for use i n  our independent calculations of soil 
actioii Icvcls. We ~isccl tlie work of Honeyman and Santschi ( I  997) to provide upper bounds on 
OLI r d i s t ri b~it i on s o 1' t lie so i I - \v;ikr eq 11 i I i bri u m cl ist ri bu t ion coefficient . This quan t i t y , i 11 ;I si mple 

24 I 
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dissolved-phase transport model, dictates the rate of actinide movement. It is possible tliat future 
AME work might have an impact on RAC's results. 

TASK I: CLEANUP LEVELS AT OTHER SITES 

This task was designed to provide the RSALOP with a clear and unbiased coinparison 
between soil action levels previously developed a t  other sites and those adopted for Rocky Flats 
i n  October 1996 (Weber and Till, 1999). Because of the varied analytical methodologies, cleanup 
criteria, expos i t  re pa t 11 ways, and 

dose and contamiliation levels in 
ilipLlt paraliieters for c;ilculating 

comparison and perspective on 
the magnitude of the interim soil concentration criteria at Rocky Flats. The Task 1 report, which 
is included as Attachment A i n  the current report, describes information for each site i n  terms of 
the dose, scenario, and potential exposure pathways used to calculate tlie cited soil action level or 
cleanup target. The stiidy evaliiated 139.3-40P~~ soil action levels that were reported to be protective 
of hitman Iiealth based on reasonable land use scenarios and predetermined dose criteria. Soil 
concentrations of 3-J1Am were also provided when available ['or these sites or  facilities. 

The sitcs iiictliods inclucled i n  tlie Task I analysis were 

. I-Ianfoi-cI, Wushington . 

Nev& Test Site, N ~ v : I ~ ; I  
0 

Johnston Atoll, MLirsIiall Islands 
Etiewetak Atoll, Marshall Islands 

Itocky Flats En\,iroiitiietital Teclinology Site, Colorado 

U.S. N~i~leiil- Regulatory Coiiiinissioii (NRC) cocles for remccliation 

Dose is ci getieral tcrtti eleriotitig the quaritity of radiation 
or energy thcit is absorbed by the body. Effective dose 

-provicies [I  tiiecisiire-of the dose-to the whole body, takirtg 
into accoiirit the  dose absorbed by each of the target 
orgcitis mid the  scrisitivity of those orgntis to rarliatiort. 

coinp;irison among the sites, the reported soil action levels or cleaiiup criteria were noriiialized to 
the targcted effective radiation dose after cleaiiup \vas coiiipleted. This procedure resulted in  a 
ratio t'or e:ach site, calculated by dividing the reported soil action levels or cleanup criteria by tlie 
raciiatiori dose. In the report, we refer to this ratio ;IS the soil action level to close ratio. A lower 
soil action Ievcl to close ratio indicates ;I lo\\er proposed or calculated cleaniip level. This t-ntio 
eriabled its to identify the factors or paranieters that affected the outcome of the calculation to the 
greatest extent and tliat accountcd for the cliffereticcs :imong soil action levels ;it the different 
t'acilities. Table 4 summarizes the results of our aii:ilysis, atid appears ;IS ;I summary table i n  the 
report (,i-\ttaclitrietlt A ,  Webcr and Till 1999). 

Risk Assessment Corporation 
' "Setting the standard in environmental health" 
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Table 4. Sumriiary of Comparisons between Rocky Flats Environniental Technology Site 
Calculations and Those for Other Facilities 

Ratio of the soil 
action l i m i t  to dose 

Ratio of the dose to 
soil action l i m i t  

Location Parameter change ([pci g-'] mrem-I) (nireiii [pc l  g-ll 

Rocky Flats Original calculation 17 0.06 
residential 
Hanfoid residential Original calculation 2.3 0 44 

Remove ineat, milk, fish, drinking 34 
water pathways; change to RFETS 

0.03 

dose conversion factorb and miss 
loading 

0.01 ' ; Rocky Flats office Original calculation '/3 . 
worker " - -  
Hanford industrial Original calculation 16.3 0.06 

worker 
Change dose conversion factorb and I59 0.006 

residential 
Change to Nevada Test Site dose 2.8 0.36 
con vers i o i i  tac tor" 
Or ig i r ia l  colc u 1;i t ion Nevada Test Site 4. I 0.24 

res it1 en t i:il 

Rocky Flats office 0rigin;il calculatibn ' - .  ,73. 
worker. . ._ .. .. . , . . . 

CI1:inge dose conversion factor 16 0.06 
Nevrida Test Site Original c alcu I a t i on 41 0.02 

0.0 I 
. . ,  

0.06 '. 

industrial worker 
Rocky Flats Original calculation . , ,  

Johnston Atol I 

. .  

0 r ig i nal calc u I ;it i on 0.85 I .2 
Change t o  RFETS iiiass loading, 17.8 0.056 
en r ic ti me n t tac tor and c a I c u I ate ;I i r 
concentration using RFETS dose 
conversion factor and biwthing rate 

. .  
Rocky Flats Original calculation .... . .  I 7  :.: . . , , ~ ,: ' , . 0.06 , ' 

hlaralinga 0 r i g i ii;i I c alc ti la t i on 0.56 I .8 
Cliiinge to RFETS niass loading, 17.8 0.056 
breathins rate, dose con\wsion factor 

Rocky Flats Original calculation 17. . 0.06 
Change to Paloiiiares bre:irhing rate 14.1 0.07 

Paloiiiares Oricinal calculation 12.3 0.08 
Froni Weber i d  I ' i l l  (1999); see Attncliinrnt A. 
Dose collversion factor is tlie coinniittetl eflecti\.e dose per u n i t  intake of radioactivity through zspostire h 

Ii;ith\v:iys like iiiIiaIa1ion or ingeslioii; the i i i i p x l  of the dose conversion factor on the calcul:ltions is 
E s 1) I ;I i necl i i i o rc: 1.11 I I y i 11 I I it: 7 h s k  5: / r  r t / e / ~ / i c / e /  I / CN IC I r ln / io r i sect i 0 11. 
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Our cvaluation showed that  the interim soil action levels at the RFETS (DOE/EPA/CDPHE 
1996) ;ire higher than action or cleanup levels at other facilities, even when normalized to dose. 
Our comparison was done using tlie RESRAD Model Version 5.61, which was used to set tlie 
interim RSALs in  October 1996. We reviewed the soil action levcl to dose ratios for the other 
sites in  terms of the calculations, models, and parameters used to calculate soil concentrations 
and/or dose. The outcome of the RESRAD calculation was strongly controlled by a few 
parameters, and, almost without exception, i t  was these parameters that affected the differences in 
tlie soil action levels for a uni t  dose between sites. If the same or similar assuniptions were rnade 
for each site, similar ratios resulted. The parameters that affected the determination of soil action 
levels or clean-up criteria to tlie greatest extent were the 

Dose conversion factor (solubility class of plutonium): The dose conversion factor 
represents the committed effective dose per unit intake of radioactivity through exposure 
pathways like inhalation or ingestion. For plutonium, the dose conversion factor 
depends, to a considerable extent, on the assumed solubility of the plutonium. For 
example, soluble plutonium has a dose conversion factor for inhalation that is about I .4 
times greater than for insoluble plutonium; more iiliportantly, for ingestion, the dose 
conversion factor for soluble plutonium is over 65 times higher than for insoluble 
plutonium.' Thcsc differences mcan that the form of the plutonium i n  the soil assumed 
for each site (ix., soluble or insoluble) greatly impacted the level of cleanup that was 
clonc or iquirecl. The differencc i n  the chemical form of the plutonium i n  the soil 
;iccoiiiitecI for the difference in the cleunup standarcls a t  several of the sites w i t h  lower 
cleanup standarcls tha i i  u t  the RFETS. For exninple, the plutonium i n  the soil at the 
I-lanforcl site w;is :iswined to bc S01~ible wliilc the plutonium at the KFETS site was 
assuiiiecl to be iii ; in insoluble Form. When we did ;I calculation based on the assumption 
of solublt: plutonium 1.01 the IIFETS, tlie ingestion pathway became a more dominant 
contributor to the dose, and the dose per u n i t  intake w;is considerably greater. 

0 

. 

Mass loading (resuspcnsion): The inass loading parameter, a measure of the 
resuspensioii 01' material transferred from the soil surface to the atmosphere, can vary 

loading and similar resuspension parameters have been extensively measured at Rocky 
Flats undcr a variety of  conditions. 
I<reathiiig rate: Thc breathing rate of tlie cxposecl individuals has ;I less pronounced 
el'fect on the cleuiup or soil action levels than the previous two parameters because tlie 
i-;i 11 $e of po s s i b I e vii  I lies is I i mi ted to \vi t h i 11 re ;i so nab I e p Ii y s i o I og i c a I bound a r i es . 

- = __._. over oiderspF'iiiagtiitude dependjlig.o!i thLasslgiLe I irotl nie~n tal condi t i  on s - -. - . . . __ . 
. .  . ~~~. . ~ ~ 

~ - .  - - ~ .~~ ~ 

- -. ~ ~~ 

. 

A more complete evaluation 01' the primary model input parameters and assuniptions is described 
;iiicl siiiiimarizecl i n  the 1 ' i i I I  report for Task 3, I i i p i i f s  r r j i d  ~ ~ . s . ~ ~ i / ~ ~ / ) f ; ~ ~ / ~ . s  (Attachment A; see also 
Aiiliensoli et AI. 1999). 
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TASK 2: REVIEW AND SELECTION OF COMPUTER MODELS 

Task 2 focused on reviewing the RESRAD computer model used to calculate the interim soil 
action levels adopted for Rocky Flats. It also reviewed four other computer-based niodels that 
could potentially be used for making calculations of soil action levels for the RFETS (Killough et 
al 1999). The objective was to select the most suitable one for our analysis. 

The models reviewed were RESRAD, MEPAS, GENII, MMSOILS, and DandD. DOE 
calculated the 1996 Rocky Flats soil action levels with the RESRAD program (Version 5.61), and 
part of the  scope of this project was to review their calculations for choice of the parameter values 
used i n  RESRAD. RAC selected programs that were generally comparable to RESRAD and that 
are widely used. All five programs examined were developed under sponsorship of one or more 
federal agencies. The results of this discussion and comparison of models are contained in 
Killough et al (1999), Attachment B to this report. 

RAC selected the programs using the following criteria: 
I .  

2 .  

3 .  

4. 
5 .  

Correctness of the mathematical models. How well does the model account for 
exposure pathways and site features, and how consistent is the program with site- 
specific data? 
Validation of the programs. Has the program been checked or confirmed with data 
that are well documented? 
Source code. I-Iow available is the entire coniputer code to RAC, and has the 
program been documented? 
Platform (i.e., computer and operating system) ;tiid programming language. 
Flexibility of operating features. Is i t  possible to bypass the graphic user interface to 
directly specify i n p u t  and output files froin thc operating system level? 

A further consideration in selecting computer programs for the study was our desire to usc 
s t ;I t e-o 1- t h e-a rt methods fo r c ;I rr y i ng o i i  t our work, part i cu I a r 1 y by i ncorpora t i ng LI nce rt a i n t y 

Five etivir-orinrental assessrlietit cotiiputer codes 
(RESRAD, MEPAS,  GENII ,  MMSOILS, atid DaridD) 
were evalrrated for  their applicability to calciilatitig 
t.adiotruclitle soil trctioti levels for  tlie rocky Flats site. 
\\!e coticlrrtlcd that either- KESRAD or GENII corild be 
adapted for- the purposes of tlie project. \Ve selected 
I< ES RA D. 

inputs to the selcctcd code were i n  the form of probability distr 
the suitability of the various computer programs for providing a distribution of results for dose, or 
soil action levels. 

All five of the programs selected for evaluation could be installed and executed under some 
version of the Microsoft Windows operating system and, as a result, all of the programs were 
accessible. The following p;ir;igraphs summarize our evaluation of each of these computer 
program?;. 

l i  ES l i  A I1 (RES id u i i  I R A I 1  i o x  t i  vi t y ) \+vas deve I oped by DOE aiid Argon ne Nat iona I 
Laboratory to e vii I ii;i t e the c lean i i  11 3 ncl remed i a t ion of rad ion uc I idc-con t ami na t ed so i Is ;I t DOE 

estimates into the process of 
calculating RSALs. The term 
uncertainty usually implies lack 
of full or precise knowledge 
about the value of a model 
parameter or the accuracy of a 
model prediction. RAC 
represented these uncertainties as 
probability distributions. Because 

.i b ii  t i o n s, RA C care fu  I I y considered 
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facilities. RAC used the most recent version of RESRAD (Version 5.S2), which differs i n  some 
ways from older versions t h a t  arc still i n  use. In general, the newer version is a windows-based 
application of earlier versions of RESRAD. The primary technical difference in the newer 
version, however, is how the progrxii treats the resuspension of soil. RAC bypassed this portion 
of the code and developed resuspension factors based on site-specific data from Rocky Flats 
(Aanenson et 31. 1999; Killough et al. 2000). 

The Multimedia Environmental Pollutant Assessment System (MEPAS), which was 
developed at Battelle's Pacific Northwest Laboratories (PNL) and commercially marketed, was 
applicable to radioactive and nonradioactive pollutants in many environmental media. Because 
Battelle Memorial Institute declined our request for permission to examine portions of the 
MEPAS source code, we were not able to consider the MEPAS program for application to the 
Rocky Flats site. GENII, also developed at PNL, provided internal and external dose estimates. for 
exposure t ti ro ti g h a I I path ways t t i  a t we re o rd i n ar i I y cons id e red i n environment a I rad io Io g i ca I 
assessments. GENII had been tinder development for more than a decade arid was unlikely to be 
modified further by its developers. Two resuspension models are available in GENII, including a 
iiiass loading approach that is similar to the one i n  RESRAD. GENII also has available a scenario 
of an offsite subject who has been exposed to radioactivity that has been released from the site. 
The RESRAD code i n  its traditional format cannot address such an offsite scenario. GENII also 
considers an o 11 site gro 11 t i  d wate I- p i t h  way si mi I ar to RES RAD ' s i mp le me t i  t at i o n . 

MMSOILS, developed for rhe EPA, was a large multimedia environmental transport 
prograiii that W;IS designed for screening assessments of chemical contamination. Although it  did 
not treat radioactivity ancl clccay chains, i t  was included i n  our review because with some 
iiiodificution, i t  coiilcl coiisicfcr rxlionuclides i n  soils. RAC ruled out its use i n  developing soil 
action levels for the Rocky Flats site, given the tiiiie constraints of this project. 

The Dcco,rfcriiii,ic/r;olr c r r i d  Dcco,tritri.ssio,iirrS (DaiidD) computer program was designed by 
rhe NliC as ;I screening-lzvel analysis program to provide a simplified estimate of the dosd to an 
average member of ;I screening group of people. We decided against DandD because it was still 
in its first version and had not been used extensively and did not have published documentation. 
kloreover, the source cock hac1 nor been released at the tinie 0111' project began. 

Based OH our evaluation of the available coiiipiiter codes, RAC concluded that eithei- 
I<ESRAD%-or CENII.  could he  atlapted,for the purposes of_tlie 
version of RESRAD (Version 5 .82)  for this project. Attachment B contains the ful l  Task 2 report 
for further details on the models. 

~~ . .. ~ ~~~~ . ~ . ~~~ ~ ect. RAC . used ~~ ~ the-niost . recent . -~ . . - .  . ~ - -  -. 

TASK 3: INPUTS AND ASSUNlPTIONS TO THE MODEL 

1% I I ow i 11 g the e v a l  iiat i oii o f co mpii ter codes, RA C id en t i fled and developed p robabi I i t y 
distributions for the i n p i i t  parariieters to the soil action level calculation that had the tliost 
significant impact 011 dose. The selection of these values and distributions is the subject of the 
report I'or Task 3 ,  / irpirr.s rrrid A.vsrrit~priorr.s (Amenson et al. 1999, see also Attachment 13). We 
iilso clevelopecl exposure scenarios, t h a t  is, hypothetical individuals who might be exposed to 
raclioactive contaiiiination at Rocky FlLits in the Itittire. These scenarios specify the individuals for 
wlioiii closes aiitl soil actioii Icvels \\'ere calculated. 

To calculate RSALs, /ZAG used thc most recent version of RESRAD (Version 5.S2) ) to 
cxlculalc [lie soil action levels for this project. To riiii thc cock for this pro.ject, IItImerotIs i n p i i t  

e Risk Assessment Corporation 
"Setting the standard in environmental health" 
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values and assumptions needed to be selected to determine the soil action levels for cleanup at the 
RFETS so that the permitted annual dose of 15 rnrein (in some cases 85 mrem) would not be 
exceeded. We performed a sensitivity analysis using RESRAD to identify those parameters that 
have the greatest impact on the  outcome of tlie soil action level calculation. For the parameters 
that were the most important to the final outcome, RAC developed site-specific values if data 
were available or created uncertainty distributions of values from published literature sources i f  
site-specific data were not available. The probability distributions described the uncertainty i n  the 
values that arose from natural variability or from inconiplete knowledge about a particular 
parameter. Attachment I3 of this report includes our assessment of the inputs and assumptions 
(Aanenson et al. 1999). 

The sensitivity analysis was a single-parameter analysis, where a range of values for one 
parameter at a time was evaluated. Of over 50 parameters assessed for their influence on the final 
result, four parameters were found to impact the final result to the greatest extent. These 
parameters were: 

0 soil-water equilibrium distribution coefficient 
0 area of contamination 
0 inas  loading factor 
0 mean annual wind speed. 

Six paraiiieters were found to affect the outcome of the calculation only slightly: (I)  cover 
depth (depth of soil that must be removed to reveal the contaminated soil), (2) fraction of the total 
outside air contnriiination that is available indoors (indoor dust filtration), (3) soil-to-plant transfer 
factors, (4) depth of soil mixing layer (depth of uniform contamination), ( 5 )  fraction of irrigatioii 
water con t ani i n;i tcd by ground water, and (6) t h ic kness of co t i  t ami na ted zone (non-it n i form1 y 
distributed). The results showed little sensitivity to more than 40 other parameters required to t u n  
the RESRAD codc, and therefore additional effort was not given to changing or revising tlic 
values from the ones used i n  the previous RSAL assessment., RAC made minor changes for some 
parameters, either in  the value previously used or i n  the method of calculating the parameter 
value, to ensure ;I consistent approach. 

Parameter Evaluations 

Most of OCII' efforts focused on providing parameter values or uncertainty distributions for 
the four most imlJor[;int parameters, based on site-specific data or on literature values (Aanenson 
et al.  1999, Attaclinicnt B). Table 5 suminarizes the differences i n  parameter values or approach 
between the previous DOE/EPA/CDPHE assessment (DOE/EPA/CDPHE 1996) and our 
approach (Aanenson et at. 1999; Killough et at. 2000). 

Tlie clisfribiirion cocfficierir is important i n  the soil action level assessment because it defines 
the relationship of the concentration of tlie contaminant in the soil to tlie concentration of the 
con t a m i n a n t i n w i i  ter, and it can i 11 fl uence ca I c 11 I ii t i o n s i n  vo I vi n g contain i n a n t s i n the 
groundwater. RAC included groundwater as a source of water i n  the RAC rancher scenario. The 
distribution coefficient can extend o.ser a very wide range even for a single type of soil; therefore, 
i t  W;IS important lo incorporate as much, data as possible i n  our assessment. We created ;i wide 
d i s t r i bu t i oil o 1' V:I I L I ~ S  for d i s t I-i  bit t ion coefficients of 11 rani u ni, plii ton i i i  m, and americ i u 111, based 
OH ; in  extensive review of tlie published literature (Honeyman and Santschi 1997; Shzppard and 
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Tliibxtlt 1990; Dames and Moore 1984; Till and Meyer 1983). In our assessment, the distribution 
for each radionuclide was defined by tlie geometric standard deviation, which gives an estimate 
of tlie uncertainty there is about the midpoint (geometric mean or median). 

The area of corifaniiiiciteci zoize is a parameter required i n  tlie RESRAD code that defines a 
specified area in which the contamination is uniformly distributed. Unfortunately, for much of the 
area around Rocky Flats, especially cast of the 903 Area, the plutonium concentrations can vary 
by factors of more than 100. This large heterogeneity contradicts the uniformity that the 
RESRAD soil model assumes. To address this issue, RAC compiled historic soil monitoring data 
from t h e  Rocky Flats area to create contours of contamination at and surrounding the 903 Area. 
Tliesc contours approximate the actual contamination in soil and were used in  RESRAD to help 
calculate soil action levels. 

Table 5. Values for the Four Most Sensitive Paranieters for the Independent 
Calculation and Comparison with Those from the Previous Assessment' 

Pa rune te r DOE/EPA/CDPHE value RAC value 

Distiibution coefficient Deterministic Treated stochastically based on Rocky Flats 
iiieasureinents and literature values; median 

values (GSD)  of 
Pu = 2300 cni3 g-' (5.6) 
Ani = I800 cni3 g-' (8. I )  

Pu = 2 I 8  cm3 g-I 
An1 = 76 cni3 g-I 
u = 50 cm3 

U = 2.3 ciiI3 g-l (5.4) 
~\rc:i o I' Conr ai ni natetl 40.000 Il l2  

0.000026 2 Ill? 

Not recliiirccl tor 

Ilcfinecl based on historic soil concentration 
[iiwsureiiienrs ;I[ Rocky Flats (see report text) 

lvlodcl will be calibrated based on results of soil 
arid airborne concentration (see report text)  

Will iisc 5-year annual average STAR data set 
sl"etl RESRAD Version 5.61 collected at Rocky Flats meteorological station 

zone 

M a s s  Ioncling 

R.lc:aii :inniial wind 

'' I~roin Aanenson et al. (1999): see also Attaclirnent A. 
" CSD = geometric standard deviation, which is ;I ineastire o f  the extent of the distribution 

~. loacliii~=.=;parameter is a measL!i-e of rcs e:&~of , > ~ l .  froii: . .  the. ground. 
Ikuspension is ;I complex process that is affected by many environmental factors that have not 
been well documented. The current version of RESRAD uses ;I miss loading factor to define 
resuspension but evzn the developers of RESRAD stressed its inadequacy at representing actual 
conditions at ;I given site. As a rcsult, RAC used historic air monitoring data as the best measure 
of rcsuspension. RAC considcred the location of each scenario onsite where the hypothetical 
person resides and/or works and iised actual a i r  monitoring data i n  combination with the soil 
cont~iminatiori data to cstiimte ;I relationship between concentrations i n  air and soil tha t  was used 
to cstimate resuspension. This process b ~ ~ i a s s e s  tlie cnlculation i n  RESRAD and defines 
rcsuspension based on actual air monitoring data I'roni the site. 

The i i i m i i  a i i i i i r a l  Lviiicl spced, not rquircd i n  tlie previous version of RESRAD, is important 
iii  estimating resuspension i n  tlie current RESI<AD Version 5,82. However, RAC's method 
hypisses the RESRAD calculation of resuspensioii. Because we estimatcd resuspcnsion bascd 011 
site-specific air inonitoi-ing data, i t  also W;IS important to L I S ~  site-specific meteorological data. 
/?AC used 5-year avcrage frecluency information from tlie onsite flocky Flats meteorological 

~~ 
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station for wind speed, wind direction, and atmospheric stability class. The effect of high wind 
events on moving contamination from the 903 Area before it  was covered with an asphalt pad 
was evaluated i n  the Historical Public Exposure Studies on Rocky Flats (Weber et al. 1999). 
Because high wind results in lower air concentrations than would be expected if the same 
material was dispersed over a longer period of time during average wind speed conditions, we did 
not evaluate high wind events separately i n  this project. 

Initial concentrations of radionuclides are also important parameters for RESRAD if dose is 
to be calculated (computed RSALs do not depend on initial soil concentrations of the 

The amounts of the radionuclides 
considered in the calculation and 
preserit in soil were cletertiiined relative 

Radionuclide Relative Concentration 

to 2 3 9 , 2 4 0 ~ ~  

Pu 1 239,240 

corresponding radionuclides; any non-zero value 
given for a radionuclide will trigger the 
computation of the RSAL). In the previous 
assessment, DOEIEPAKDPHE defined the initial 
concentrations of each radionuclide of interest as 
100 pCi g-I. In contrast, RAC used the measured 
soil concentration data at the site to determine 
actual soil concentrations, initialized to the year 
that the  soil action level calculations begin. This 
technique accounted for the appropriate ratios of 
radionuclides to the initial calculation of action 
levels. Because soil concentrations for ur;iniiiiii  at 

Rocky Flats are primarily located i n  hot spots, we calculated separate soil action levcls for 
uraniiiin based on the concentration of uranium i n  hot spots, as determined from thc available 
I i terat u rc. 

2J'Am 0.111 
237NP 0.000000786 
2 3 s ~ ~ ,  0.0132 

Plutonium Solubility and Dose Conversion Factors 

An important aspect of the independent calculation involved determining solubility ot 
plutonium i n  the Rocky Flats environment and determining dose conversion factors for use i n  our 
calculations. Ongoing studies of actinide migration at the site have helped to characterize the 
chemical and physical form of plutonium at the Rocky Flats site (see Attachment D). The 
pliitoniuiii that is found i n  Rocky Flats soil is thought to be generally highly insolublc and 
strongly attached to soi I particles . PI ii  ton i i t  in in0 b i I it y is aiio t her area 11 nde r i n vest i sat i on by the 
AME researchers that may play an important role at the site. These solubility studies guided the 
selection of dose conversion factors for plutonium and other radionuclides. Table 6 shows the 
most recent values for inhalation and ingestion dose conversion factors i n  coiiqxtrison to the 
values from ICRP 30 for the radionuclidesof interest at Rocky Flats. 

Insoluble forms of plutonium are classified as slow clearance materials. RAC researchecl (lie 
most updated values available for dose conversion factors from ICRP (1999) and used them i n  
our calcula'tions. These newer values account for reduced uptake of plutonium from thi: lung 
based on ;I new respiratory tract model. The newer model accounts for clianges in  the relative 
amount of material entering the gastrointestinal-tract from the respiratory tract and also acldresses 
the dose to specific cell populations that are at depth in the airways rather than tlie smearccl dose 
used i n  the earlier respiratory model. I n  addition, dose conversion factors do show sonie liriiitecl 
age clepenclence. For very young infitnts (0-3 months), the ingestion patli\vay is more important, 
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ICRP ICRP 30 ICRP ICRP 67 
30 f l  Ingestion 67d f ,  Ingestion 

DCF DCF 

wi th  ;I dose conversion factor for ingestion about I6 times higher than in adults. All other ages 
have ingestion dose coefficients less than a factor of 2 higher than the adult values. 

W 0.444 M 0.155 
Y 0.288 S 0.059 
Y 0.308 S 0.059 
Y 0.308 S 0.059 
Y 0.00196 S 0.00063 
Y 0.132 S 0.035 
Y 0.123 S 0.03 1 

0,0005 0.00074 0.00364 
0.0000496 0,0005 0.00085 
0.00005 I8 0.0005 0.00093 
0.00005 I8 0.0005 0.00093 
0.00000077 0.0005 0.00002 
0.000283 0.02 0.000 I8 
0.000267 0.02 0.000 17 

Y 0.118 S 0.030 0.05 0.000269 0.02 0.000 I7 23s" 

"The units of tiireiii pCi-' are the conventional units used i n  RESRAD. To convert to standard units of Sv 
13q-', siinplp divide the valuc in the table by 3700 

I'lCRP 30 (ICRP 1978) values Iiave been used i n  RESRAD Versions 5.61 and 5.82. The synibols, W (week) 
ancl Y (year) indicate the relative t i n i i  required for the material to be cleared from the respiratory systeni. 

' ICRP 7 I listed the latest inhalation dose conversion lactors (also given on ICRP CD-ROM [ICRP 19991) 
ICRP 67 listed the latest ingestion close conversion factors (also given on ICRP CD-ROM [ICRI' 19991) il 

0.00 I 
0.0000 
0.0000 
0.0000 
0.0000 
0.05 
0.05 

Scenarios 

/<AC evaluated scveti sccti;irios for the project. Thrce scenarios were developed for the 
original RS A L  calcu l a  t ton 
(DOE/EPA/CDPHE 1996) 
and four scenarios were 
cleveloped by lZAC after 
-. t i  . L I  tjjg ro it s ~ d i sc LIs-s i i  Ii . .  s . w I$ ~~ 

tlic RSALOP at  the inontlily 
so i I ;IC t i on I eve I tiiee t i 11 gs . 
Tal~le 7 sitnimarizes the 
paraineter v ~ i l  ties lor these 
scenarios. [n designing the 

.- , - -- ~ . 

RAC evaluated seven scenarios designed to eiisure that 
the persori living orrsite full-time is protected then a 
persoti living o ffsite also will be protected. We developed 
four_scenarios__,vitli input-from the Radioiiuclide Soil. 
Actiori Level Oversight Pariel arid included t h e e  
scenarios from the previorts DOlYEI'MCDPHE 
aSSesS11lellt. 

sceiiarios, we carel'itlly considered offsite exposures so that if the person living onsite full-time is 
protected, then the person living offsite will be protected. 

The scenarios are clescribed and defined by niitiieroiis p:iratneters, soine twch tnorc 
i i i i  por t;i t i t I t i  ;i t i  o t tiers. The scenario para me ters i tic I itde breath i ng rates for va r i oils act i v i  t y I eve Is 
Lincl agcs, soil ingestion ~ ; I I C S  for children aiid adults, fraction of tiiiie spent indoors aiid outdoors, 
aiitl rhe potenti;il use of or exposill-e to contaminated water from the area. We focused our greatest 
cIi.ort on establishing v a l u ~ s  for tircathing rate and soil ingestion, as these ;ire parameters in  which 

ingestion on pttblished brtxittiiiig rate studies. We defined distributions of breathing rates for 
tllt! I~S'4L*Ol' espr ed prii i inry interest. We based paraiiieter values for breathing rute and soil 
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active and sedentary adults, children, and infants. Using these distributions and the recommended 
breakdowns of daily activity for each scenario, we created distributions of scenario breathing 
rates. We then selected the 95th percentile value from that distribution for the annual breathing 
volume. We used a similar process to establish soil ingestion rates for the hypothetical iiidividuals 
in  the scenarios. While soil ingestion rates based on studies conducted from a few days to a few 
weeks are valid and important, i t  is important to consider carefully the implications of translating 
these short-term soil ingestion rates to an annual soil ingestion rate. For these reasons, we 
selected the 50th percentile, or median, of the distribution as the daily soil ingestion rate for our 
scenarios. 

Table 7. Key Scenario Parameter Values for DOE and RAC Scenarios" 
DOE/EPA/CDPHE 

scenarios RAC scenarios 
Nonrestrictive 

Parameter 

Child of Infant of' Sitc 
Open Office Resident rancher rancher industrial 

Resident space worker rancher ( I O  y) (2 y) worker 

Dose limit (mrein y-')  
Time on site (I1 y-I) 
Time indoors onsite (YO) 
Time outdoors onsite (96) 
Breathing rate ( i d  y-I) 
Soil ingestion ( g  y-') 
Irr i g:it i o 11 water sou rcc 

Irrigation rate ( i n  y-') 
Onsite drinking water 

Drinking water ingestion 

Drinking water ingestion 

Fraction of contaminatecl 
homegrown produce 

Fruits, vegetables and 
grain consumption (kg 

source 

(L d-l) 

(L y-I) 

P-l) 
Meat (kg y-') 

DOE- I 
15/85 
8400 
IO0 
0 

7000 
70 

Ground- 
water 

I 
no 

n a 

I1 3 

I 

40. I 

na 

DOE-2 DOE-3 
85 
I25 
IO0 
0 

I75 
2.5 

h 
i1a 

n ;i 
n 0 

na 

na 

0 

na 

I1 a 

85 
2000 
100 
0 

I660 
13.5 
I1 ;I 

11a 

I1 0 

na 

11a 

0 

11a 

I1 a 

RAC- I 
15 ' 

8760 
60 
40 

I0800 
75 

Ground- 
water 

I 
Ground- 

water 
2 

730 

I 

I90 

95 

RA C-2 
15 

8760 
750 
25 

8600 
75 

G I'OU nd - 
w;i ter 

I 
G r o ~  nd- 

water 
I .5 

RA c- 3 
15 

8760 
90 
10 

I90f) 
75 

G roll ncl- 
water 

I 
G rou nd - 

w:iter 
I 

K A  c-4 
85 

2 100 
4 0  
60 

3700 
50 
11;1 

IlLI 

110 

11;1 

550 365 11:1 

I I 0 

240 200 n ; I  

60 35 11;1 

Milk (L y-' ). n ;I na 11;1 I 10 200 I70 112 

From Aanenson et al. (1999); see also Attachment B. 
This pathway was not applicable to this scenario. b 

For the remaining paraiiicters, we used thc scientific literature to select nppropriatc: valiws. 
which i n  soiiic cases differ froiii the RESRAD dchult values or the DOE/EPA/CDPHE scciixios 
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(DOEIEPAKDPHE 1996). All scenario-related parameters are treated deterministically i n  this 
ana I y s is . 

TASK 4: METHODOLOGY FOR DETERMINING SOIL ACTION LEVELS 

Designing ;I methodology for calculating soil action levels based on our exposure scenarios 
was the focus of Task 4. Our approach was presented to the RSALOP orally in November 1998 
and documented i n  the Task 5 report (Killough et al. 2000; see also Attachment B). This 
methodology included the uncertainties i n  the input parameters and the resulting soil action 
levels. Our calculations for the RSALs were required to meet the EPA draft regulation (EPA 
1996) that was chosen for the 1996 assessment (DOEIEPAKDPHE 1996). This regulation stated 
that a remediation standard of 15 mrein y-l shou1.d be used at sites with radioactive material i n  all 
environmental media. The radiation dose to be received by an unrestricted release scenario will 
not exceed 85 mrem y-I. RAC developed technically based RSALs using the 15 mrein dose limit 
because ( I )  i t  is more protective of the public and (2) our evaluation of risk associated with this 
dose better corresponds to the target level of risk associated with federal guidance. 

For a single radionuclide, scenario, and dose limit, the soil action level is that concentration 
of the radionuclide i n  the soil that would lead to a maxinium predicted annual dose equal to the 
annual dose l imit .  When considering multiple radionuclides, .each radionuclide’s soil 
concentration is divided by its RSAL, arid the ratios are added to give a sum-of-ratios. IF  the sum- 
of-ratios exceeds I for one or more of the exposure scenarios, then some reniedial action or 
special attention is indicated. If the sum-of-ratios is less than or equal to I ,  no annual dose limit 
would be exceeded, and by that criterion the radionuclide levels meet the RSAL stanclarcl. This 
calculation may be applied to observed radionuclide soil concentrations, or it  may LX ~ised with 
h y pot lies ized conceii t r;i t ions that rep resent reined ia t ion goals . The SLI ni-o f-rat ios (S R) is i ncl ica ted 
by the following equation: 

” c; 
- S R = C -  

i=l RSAL, 

C, = tIie radionucliclc soil concentrution for radionuclide i (pCi g-l) 
RSAL, = soil action level for radionuclide i (pCi g-I) 

If only one radionuclide is present, the sum-of-ratios reduces to a single ratio, but the 
interpretation is the s;iiiie. The sum-of-ratios calculation for uranium was kept separate from that 
of plutoni~im. I t  was not possible to combine the two for a generic site because at Rocky Flats 
uranium contaniination is localized and is not as widespread as plutonium. 

The conccptual site model used to calculate plutonium RSALs was based on ;I heterogeneous 
distribution of plutonium soil and air concentrations across the RFETS. This conceptual model 
differs significantly From that used i n  the 1996 DOE/CDPHE/EPA calculations, which assumed 
soil and  air contan!ination y a s  liomogeneoiis across the site being modeled. 

W e  used the air dispersion model to incorporate soil and air concentration heterogcneity into 
the calculation. IIESRAD w;is ~ised only to calculate intakes and doses. Incorporating soil Lind air 
concentration Ileterogeneity into the conceptual model complicates both the calculation and 

“Setting the standard in environmental health” 
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interpretation of RSALs because the RSAL depends not only on the receptor scenario parameters, 
but also on the  location of the receptor relative to sources of contamination. Because our 
objective was to provide a conservative RSAL that could be applied independent of location 
across the RFETS, we located each receptor at the point of the maximum air-to-soil concentration 
ratio. The location where this occurs is at the east edge of the site near Indiana Street. Air 
concentrations at this location are proportionally higher than the soil concentration because the air 
concentrations reflect the cumulative flux from al l  upwind contaminated areas. 

Our methodology incorporated environmental dose models that estimate dose from specified 
concentrations of radionuclides in environmental media. The exposure pathways considered were 
inhalation, soil and food ingestion, and external irradiation. In addition, groundwater use for both 
irrigation and drinking water was assumed for some scenarios. We also considered the effect of a 
prairie fire, which would remove the vegetative cover and result in  increased resuspension of soil 
for a period of time, because such a fire, although not common, is possible. For each scenario, we 
incorporated the probability of a fire occurring i n  the area using fire statistics for the Twentieth 
Century in the Arapaho and Roosevelt National Forests and the Pawnee National Grasslands. For 
the plutonium assessment, the probability of a fire occurring on the rancher's land at the RFETS 
was estimated to be about I x IO-'. 

We calculated RSALs for uranium differently than those for plutonium because the nature 
and extent of contamination differs between the nuclides. Our treatment of plutonium considered 
a IO-kin' contaminated area. Using spatially variable soil concentrations and measured air 
concentrations of plutonium around the site, we calibrated a suspension model so that the 
suspension rates of pl 11 ton i u  in-con t ami nated so i I wou Id y ie I d conccn t r;i t i oils c 11 rren LI y measured 
at the air samplers. This procedure was not extended to uriiniuni bec:iuse (a) Liraniiini-specil'ic 
measurements were not available at thc sarnplers :ind (b) u r m i u m  coiitainination is not iis 

widespread as plutonium and, therefore, would not bc expected to respond i n  the same nianiier. 
Our i n vest i gat i o n indicated t h a t i i  ra n i u m c o I 1 t:i iii i n ;I t i o 11 \vas I ii;i i n I y I i I ii i I ctl to p;is t d is po sa I a rc;i s 

and burn pits. Furthermore, Litaor (I  995) notes fundamental cl reiices i n  solubility 
characteristics of plutonium iiiid uranium that, i n  t u r n ,  aflect their iiiodt: of clispersioii in  the 
en vi ron men t . 

Furthermore, the prairie fire was not considered for the i i r ; iniui i i  analysis because the 

smallest fire area considered i n  the fire statistics data set w;is 4.05 x IOi 111'. or 100 ;icrcs. Using 
the area encompassed by uranium contamination (100 m'), yields a probability of ;I fire t h a t  is 5 
orders of magnitude lower than that for the plutonium case. Adtlitioiially, only the inhalatioil 
pathway was affected by the fire, and inhalation doses made up ;I sn ia l l  frnction of the total 
uranium dose. Nevertheless, we ran ;I trial fire case to verify that, even i f  there were ;I lite. tlir: 

doses from uranium would not be significantly higher. For this trial, wr: coiiservatively assuniccl 
that any fire occurring on the site encompassed a Lir~iiiiiiiii-contaiiiinatecl ~ i i u .  Ilesults 01' this trial 
showed incorporating the fire niadc little difference i n  the calculated dosc: aiitl RSAL for uraniiiiii. 

4 

TASK 5: INDEPENDENT CALCULATION OF THE sow ACTION rmms 
RAC presented the results of its independent assessiiieiit and ciilcul:ition of' RSALs ;it Rocky 

Flats in  the Task 5 report (Killough et al. 2000; Attachintiit B). 'rlw Task 5 report contuiiied 
detai Is of our tech n ical approach for dr: ter mi n i ng i sot o pic rii t i os, es t i I 1i;it i n g con cent i ~ i t  i oii c) I' 
p I u to n i ti in i n ;I i r, ca I c u I at i n g ;in ;i I ti: r n  ;I t i ve g rou n d w i t  c: r tl o sc fro 11 1 I iicas ti rc I iir: 11 t s i 11 t h c I i t e r;i t 11 re, 
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providing perspective on risk, and describing other computational details of the RSAL 
calculations. For the calculations, we used the RESRAD Version 5.82, an updated version of the 
RESRAD program used for the earlier calculations. We developed the methodology for selecting 
RSALs for the Rocky Flats site and presented the results as probability distributions of possible 
sum-of-ratio values for each of seven exposure scenarios. The scenarios were selected with 
consensus by the panel to represent a variety of exposure conditions, some of which were more 
conservative than others. Each scenario was based on an annual dose limit to the receptor 
resulting from exposure to Rocky Flats radionuclides. 

For each scenario, we presented curves representing the probability of exceeding the 
radiation dose limit as a function of - Pu or uranium concentrations in the soil. Figure 2 
shows an example of the calculational output. For example, an RSAL at the 5% to 10% 
probability level means there is a 95% to 90% probability that the dose limit will nor be exceeded. 

739+210 

*39+24OP u Concentration (pci g-1) -b 

Figure 2. Sample of the results of our calculations. Each probability level corresponds to a 
distinct concentration of 239+24"Pi~ in  soil. The probability value represents the probability of 
exceeding the dose limit. For example, at soil concentration A (measured i n  picocuries per 
grain), there is a 5% chance that some person identified by the scenario will exceed the 
annual dose l imi t .  Alternately, there is ;I 95% chance that the dose limit for the given soil 
concentration will not be exceeded i n  a n y  year. When we spe;ik of probability levels 
tliroiighout the report, we speak i n  terms of the probability of exceeding the annual dose 
I i mi t . 
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A similar probability curve was developed for each scenario and exposure condition 
(Killough et at. 2000, Attachment B). RSALs are presented for plutonium isotopes for seven 
scenarios: the three DOE scenarios and the four RAC scenarios. RSALs are presented for ur;iiiiuiii 

isotopes (234U, ”’U, and 238U) for three scenarios: the DOE resident (DOE-I), tlie RAC rancher 
( R A C - I ) ,  and the R A C  child of the rancher ( R A C - 2 ) .  For the plutonium RSAL calculations, each 
scenario incorporated the impact of a prairie fire, considering both the probability of i t  occurring 
and the impact that revegetation might have on the soil conditions after a fire. In the Task 5 
report, we also explained the scenarios, iniportarit pathways, and radionuclides contributing to 
dose. 

For the DOE scenarios, we calculated RSALs stochastically using our methodology. It is 
somewhat misleading to compare the results of our calculations w i t h  the results of the 
DOE/EPA/CDPHE calculations (DOE/EPA/CDPHE 1996) because of differences in  the methods 
and parameters used. For the three DOE/EPA/CDPHE scenarios, these diflerences are attributed 
to several factors. First, there was a difference in the dose conversion factors becausc we used the 
more recent ICRP Publication 72 dose conversion factors, which are higher for ingestion and 
lower for inhalation than the older dose conversion factors used as defaults i n  IZESRAD (ICRP 
1996). Second, the resuspension model used in our calculation results i n  a lower concentration of 
plutonium in air for a given soil concentration than tlie original DOE/EPA/CDPHE calculation. 
Consequent I y , the re lat i ve i mport mice of the i n halat i on pat t i  way d i mi i i  i shes i n our c;i Ic ti I ;i t i on. 

The following section highlights some of our key findings. 

Plutonium: Selected Probability Curves ;ind RSA1, Values 

A sound technical foundation and credible scieiitific nietliotlology are [lie most iiiiportant 
elements i n  setting soil action levels for the Rocky Flats site. I n  the folloiving scctioti we provide 
RSALs supported by the scientific data, ;is specified i n  the scope of  work, However, tlic filial 
decision, which must consider other factors, ultimately lies in the haiicls of [lie stakcholclers, DOE, 
and the regulators. In addition to the  important calculational aspects of tlie l<S.AL, several otlier 
criteria influence tlie decision-making process of selecting ;in RSAL for the site. Each clenient of 
the decision must be carefully considered and its importance weighed accordingly. Our approach 
has been to develop scientifically defensible soil action levels t h a t  bot11 protect tlic public from 
receiving an exposure i n  excess of the dose l imi t  and ;ire reasonable to adopt, gi\.en cei-tain social 
and political implications. The values we presented i n  tlie Task 3 report coulcl be used as  ;I 

starting place for applying such social and political considerations iiot used i i i  ouI clc\~elopii1ent of 
RSAL values. Some of these criteria are social, political, and economic f;ictors tliat arc outside 
the scope of our scientific work, yet their impact on tlie final RS.4L value coulcl be sigiiit’icant. 

I n  the following sections, we first list selected RSAL values for all 01‘ the scenarios in Table 
S and then provide the detailed probability cur\‘es for the key sccriarios: DOE- I (.rcsiclcnt). RAC-2 
(rancher), and R A C - 2  (child of rancher) scenarios. Based OH the rcsults of 0111’ calculations, Table 
8 lists selected plutonium RSAL values at the 10% probability Icvzl; this i1ic;iiis there is ;I c)Oc/, 

probability that the dose l i i i i i t  will riot be exceeded. This probability level is based oil ;I iiuiiiber of 
things. First, Comprehensive Environmental Response, Coiiipciis;itioii, aiid Liability Act 
(CERCLA) guidelines, \vliicli npply i n  this c;isc, indicate tl int 1112 RSAL is itirenclecl to ;issitre 
protectioii of the “reasonable maxinium exposed” (IZME) iiidividii:il, above the 90‘” lxv.xiirilc o t  
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the distribution. Additionally, 90% confidence intervals are commonly used i n  statistical 
parameter estimation. Considerations such as these directed our decision to select the 10% level 
as the appropriate level for determining a soil concentration to represent an RSAL. 

Table 8: Selected RSAL Values For Plutoniuni (pCi g-') at the 10% Probability Level" 
Dose l i m i t b  

Scenario - 15 mrem 85 mrem 
DOE- I (resident) 45 260 
DOE-2 (open space user) Not applied 6600 
DOE-3 (office worker) Not applied I600 

RAC- I (rancher) 35 Not applied 
RAC-2 (child of rancher) 35 Not applied 
RAC-3 (infant of rancher) 85 Not applied 
RAC-4 (industrial worker) 90 530 
'' At the 10% probability level, there is a 90% probability that the dose limit wil l  tiof be exceeded. 

Based on draft EPA guidance from 40 CFR 196. These dose limits were used in the previous 
DOEEPNCDPHE calculations. 

I) 

The relative importance of pathways for plutonium RSALs depends on the value of the 
RSAL. The lower RSALs are driven by the occiiri-ence of a fire, which woiilcl result in enhanced 
resuspension and therefore higher air concentrations, which lead to highei- inhii,lation doses. As 
the importance of inhalation decreased with increasing soil concentrations, other pathways, 
especially soil ingestion, became more iniport;iint. In the following discussion, we present tllc 
RSAL probability curves for RAC's rancher and child of the rancher scenarios ancl for 
DOE/EPA/CDPHE resident scenario and we siiii1iii;irize the key finclings Libout the RSAL 
probability curve and the dominant exposure pathways for the other scenarios. 

DOE-1 (resident) scenario: This scenai io wris part of the original RSAL calculLition 
(DOE/EPA/CDPHE 1996). The RSALs presented here represent this s'inic scciiLii I O  

prob,ibility that the dose l i m i t  would rrof be exceeded), the RAC-c 
45 pCi g-' for the 15 mrem dose l i m i t  arid about 260 pCi g-' at the S.5 inrem close l i m i t  Figuic 
3 presents the RSAL probability curve for the DOE- 1 (resident) scenmo ie\ultlng from RAC 
c'i I c 11 I at I on s . 

- - - __ - - c a1 c LI I ated -s toc In? s t I cal I y -us i i i  g t_he -111 ology__developed -- by - RA the 10% Icvcl __ (90% 
ed 1LGLs alz-about-- 

- - - 

~~~ 
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Figure 3. Probability of the total dose exceeding the dose l imi t  for thc llOE/EPA/CDPHE 
resident scenario. Total dose includes tlie sum-of-ratios calculation for all pluroniurii 
isotopes and their daughter products. This distribution includcs the iiiipact of ;I fire 
considered pro ba b i I i s t i c a I I y . 

DOE-2 (open space user) scenario: This scenario \vas part of tlie original R S A L  c;ilculation 
(DOE/EPA/CDPHE 1996) and ;issuiiies that the site rcmains ;IS opeii s i ~ i c c  aiid will not be 
developed i n  the future. The I<SALs presented here represent this s;iiiie scenario calculated 
stochastically using the methodology developed by RAC. At the 10% Ievcl (90% probability 
that the  dose limit would tzot be exceeded), tlie li.?C-calculated RSAL for  2~i"t''1''P~~, including 
the  sum-of-ratios calculation, w a s  about 6600 pCi s-' for ;in SS micm closc l i i i i i t .  

DOE-3 (office worker) scenario: This scenario \\.;is part  of tlie oi-igiiial RSAL calculation 
(DOE/EPA/CDPHE 1996) arid ;issumes that tlie site is developed into ;in industrial 
park/office complex. The RSAl,s prcseiitecl liere rcprcseiit t h i s '  s;iiiie sceiiario calculated 
stocliasticnlly usins the using the niethodology cleveloped by RiIC. AI tlie 10% Ie\,el (90% 
probability that tlie dose lirnit would i i o t  be exceeded), tlle I\'AC-ciilciil~ited IZSAL lor 

Pu, iiicliicling the suiii-of-r;itios calcularion, \\IS about I600 pCi 2-l for ; i n  S S  iiireiii close 
I i mit. 

?39+?.l(l 
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KAC-1 (rancher) scenario: This scenario represents a full-time adult rancher who lives and 
works on what are now RFETS lands. The probability curve shows two distinct slopes 
(Figure 4). For I3’Pu concentrations less than -SO pCi g-’, the slope of the probability curve is 
shallow and reflects doses from inhalation of resuspended dust and foliar deposition on 
plants. For soil concentrations greater than SO pCi g-’, the probability curve exhibits ;I steeper 
slope and is controlled mainly by the soil ingestion and plant ingestion pathways. The steep 

Pu concentrations greater than -80 pCi g-’ results slope of the probability curve for 
from less variability in the doses from the soil and plant ingestion pathways compared to the 
inhalation pathway. Inhalation doses were proportional to the estimated air concentration, and 
air concentrations were considerably more variable than soil concentrations. Therefore, 
RSALs at the 10% probability level (90% probability that the 15 mrem dose limit will not be 
exceeded) were controlled mainly by the inhalation of resuspended dust. Note that the 
characteristic inflection point of this probability curve is also seen i n  the probability curves 
for the other exposure scenarios. At the 10% probability level, the 23‘’+2J‘’P~ RSAL, including 
the sum-of-ratios calculation, results in an RSAL of about 35 pCi g-’. Figure 4 presents the 
RSAL probability curve for RAC- I (rancher) scenario resulting from RAC calculations. 

239+240 
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Figure 4. Probability of the total dose exceeding thc 15 mrem dosc I i i i i i t  I o i  tlic l iAC 
rancher scenario. Total dose i nc I ides t lie su m-o l-rat ios c ;t IC u I at i on lor a I I pl 11 t 011 i u 111 
isotopes and their daughter prodiicts. This probd~ility curve iiicludcs the impact 01’ ;\ 1.ii-e 
considcrcd probabilistically. 
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RAC-2 (child of rancher) scenario: This scenario represents a IO-year old child of a ful l  
time resident (rancher) who lives on what are now KFETS lands. The probability curve shows 
two distinct slopes (Figure 5) .  For 23"t3J"P~ concentrations less than -60 pCi g-I, the slope of 
the probability curve is shallow and reflects doses from inhalation of resuspended dust and 
foliar deposition on plants, primarily from fire events. For soil concentrations greater than 60 
pCi g-', the slope of the probability curve exhibits a steeper slope and is controlled mainly by 
the soil ingestion and plant ingestion pathways. The intlection point of this probability curve 
occurs at a lower 23"+240Pu soil concentration compared to the adult rancher. Because ingcstion 
rates for the two scenarios were assumed to be the same (75 g y-'), this difference reflects the 
differences in the ingestion dose conversion factors between the adult and child. At the 10% 
pro babi I i t  y level, the 239+2J0Pu RS A L, i nc I lid i ng the su in-o f- rat ios calc ti I a t ion, was about 3 5 
pCi g-'. Figure 5 presents t h e  RSAL probability curve for RAC-2 (child of rancher) scenario 
resulting from RAC calculations. 

RAC Child of Rancher Scenario (1 5 rnrem limit) 
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Figure 5. Probability of the tot;il close exceeding the 15 i n i t n i  close l i m i t  for the l iAC child 
of the rancher scenario. Total dosc: iiicluc1c.s tlic: sum-of-ratios c;iIciiI;iIioii for all plutonium 
isotopes and their daughter prcducts. This probability curve includes the i n p c t  of a fire 
cons i de red p 1.0 ba b i I is t i c ;I I I y . 
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RAG3 (infant of rancher) scenario: This scenario represents mi infant of a full-time 
. resident (rancher) who lives on RFETS lands. Like the other scenarios, the probability curve 

shows two distinct slopes. For '39+"0P~~ concentrations less than -90 pCi g-l, the slope of the 
probability curve is shallow and reflects doses from inhalation of resuspended dust and foliar 
deposition on plants. For soil concentrations greater than 90 pCi g-', the slope of tlie 
probability curve exhibits a steeper slope and is controlled mainly by the soil ingestion and 
plant ingestion pathways. The inflection point of this probability curve occurs at a higher 

Pu soil concentration compared to the adult rancher and child scenarios. This difference 
reflects the differences in the dose conversion factors and intake rates of contaminated media 
for. the adult, child, and infant. While the dose conversion factors are generally higher for 
infants, their contaminant intake rates (i.e., breathing rate and food ingestion rates) arc 
generally lower. At the 10% probability level, the 239+2JoP~~ RSAL, including the sum-of-ratios 
calculation, was about 85 pCi g-'. 

239+240 

- 
RAC-4 (industrial worker) scenario: This scenario represents ;in adult who works at an 
industrial complex at the RFETS. Like the other scenarios, the probability curve shows two 
distinct slopes. For 239+2J0Pu concentrations less than - I50 pCi g-l (-S50 pCi g-' for the S5 
inrein dose limit) the slope of the probability curve is shallow mid reflects doses trom 
inhalation of resuspended dust (plant ingestion was not considered). For soil coiicenti.atioiis 
greater than 150 pCi g-' (-850 pCi g-' for the 85 mrem dose liinit), tlic probability curvc 
exhibits a steeper slope and is controlled by soil ingestion. The inl'lectioli point o t  this 
probability curve occurs ;it ;I higher 239+2'0 PLI soil concentration coiiipar-ed to all other RAC 
scenarios because intake rates of contaminated riieclia are substuntially lcss foi .  this scriiai.io. 
At the 10% probability level, the 'i"+2")Pit RSAL, including the suni-of-ratios calculariori. \VAS 

about 90 pCi g-' at the 15 mreni dose limit aiid about 525 pCi g-' at tlie S S  iiireiti close l imi t .  

Uranium: Selected Probability Curves and RSAL Values 

The previous section described tlic results of the calculations for the in:ijor ratlioniicliclcs iii 
the soil at Rocky Flats, that is, for "'Ain and the several isotopes 01' plutonium ('3sPu througlt 
242 

- - Pu). Urankiin- is also prgsent - 1 1 1  the _soil _ a t  ;I few locations 011 the Rochy Fl'its site i i i  
- -  - ~- __ - -  - -  ~~ ._ - _ _  

concentrations above ncitural bachground, but tlic hi\tory of this coii~.iiiiiii'itio~ IS c6lIc;cnt 
that of the americium and plutonium from the 903 Area. For uraiiiuin, we xsuniccl fisecl isotope 
ratios for the 2 3 ' ~ ,  '"u, and YJ present at tlie site and expressed the composite ur;iiiiuiii level iii 
terms of ii single isotope, U. The reported calculations incorporatcd csriniales ot  paraiiietcr 
uncertainty, and results for each scenario are presented in terms of thc pi-obabi l i t y  h i t  the dose 
limit will not be exceeded. The prairie fire w:is not considered for the ui-;iniuiii analysis because 
uranium is more of a hazard when ingested and i t  was, therefore, of iiitzrcst to lea\,c i t  i n  [lie 
surface soil available for leaching into groundwater pathways. Table 9 lists tlie sclected ur;iiiiutii 

RSAL values at tlie 10% probability level, again indicating that there is ;I 90% probability t h a t  thc 

dose liinit will ,IO/ be exceeded. 
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Table 9: Selected RSAL Values For Uraiiiuiii (pCi 6-l) a t  tlie 10% Probability Levela 

Scenario Dose Limitb 
Water pathway 011 Water pathway off 

15 mrcm 15 mrem S 5  mreni 
DOE- I (resident) 35 200 

RAC- I (rancher) 10 80 
RAC-2 (child of rancher) 10 65 
a At the 10% probability level. there is a 90% probability that  thc dose limit  will uot be exceeded 

Based on EPA guidance froin 40 CFK 196. These dose limits \\'ere used i n  the previous 
D O E E P N C D P H E  (1996) calculations. 

b 

RSALs were presented For urmiiuii i  isotopes (23'U, '%, and '%) for three scenarios: the 
DOE- I (resident), RAC- 1 (rancher), and KAC-2 (child of rancher) scenarios (Killough et ai. 
2000). The rancher and child of rancher scenarios were chosen because these scenarios yielded 
the niost restrictive RSALs for plutonium. A significant diffei-ence between the DOE 
methodology and our methodology w;is the area of contamination assigned to uranium. The DOE 
methodology assumed the area of iii.;inium contaminatioii was the wine ;IS plutonium (40,000 in'). 
0 ur i n ves t i ga t ion i lid ica ted that u rail i u m con t ami nation is not as i v  ides pread as p I ti ton i ti in 
contaniiiiatioii and it  is inainly limited to past disposal areas or burn pits. 'Therefore, we treated 
the iir;iniuiii contamiiiii.tioii ;IS ;I hot spot and restricted its xeii to IOO 111'. 

DOE-l(resit1ent) sccnario: Tlic lrsU IISA1,s a t  tlie 10% lc:vc:I (90% probability t h a t  the dosc 
limit \VOLIICI /io/ be escccc~ec~), \veri: ;itJoui 35 pci g-' for  tile I 5 iiirziii dose l i m i t  iind ;ibout 
ZOO pci g-' a t  tlic ~5 nirein close i in i i t .  ~ i i c s e  IXSALS iiicorporatecl tile sum-of-ratios 
calculation to iiiclutle the othcr iiraiiiuiii isotopes. It is iiiiportaiit to point out t h a t  tlic 
groundwirier p i thway  w;is treated differently i n  the R A  C ~ i n c l  DOE/EPA/CDPHE 
interpretations of this sccnario. 1101 ignored tlie youiidivater l~;i t l i~v;iy and extructed doscs 
lor the year 2000. I-Io\vever, they :illo\vecl u r m i u n i  to bi: Ieacliccl from the ground surface at ;I 

rate proportionaI to the b;ickgroLiii:I iiifilti-ation rate (0.3s i i i  y-'1 plus the irrigation rate ( I 111 

y-'). 111 our catculntions, we let IIESIIAD ca~cu~a te  tile iii;isiiiiuiii dose i n  the I OOO-year timc: 
of compliance arid estracted IISALs t'or that  tiiiie. The tinie 01' ii1;isiiiiuiii dose varied between 
year 2000 and year 3500 tlel~ciiding on the contaminant travel tinies i n  the unsaturated ant1 
saturated zones. Uraniun\ that migrated to tlie ground\vater was then used for irrigation, 
there by con til mi ii;i t i ng ed i b I e p liiii t s (d i rec t cons ti iiip t i on o I w i t z r  WIS not cow idered ) . 

IWC- 1 (rancher) scenario: Soil action levels \ \we calculated for two cases: one t h a t  
considered ;I viable groundwater path\vay  id the other that assuined al l  ivater \vas derived 
froin offsite sourccs. DiI'I'erc:iiceS bcr\vel:ii the RSALs \vitIi tile \viiter p ; ~ t h w a y  on ant1 off were 
substantial. \Vtien tiic \\';iter p;itti\vays were turiied on, ;I I 111 y-' irrigalion rate w;is used ancl 
resulted i n  ;I siil.m:inlial increase i n  the rciiiov:il of radioiiuclidzs from surf.,ice soil via 
leaching. Howevzr, uiilike plutoiiiiim. Liiisrituratecl zoiie transit times (the time i t  takcs 
rad ion tic I ides to I rii \'e I 1'1.0 II I I l ie  c 011 t ;I nii 1 1  ;I tet l  mi it: to t l ie s 1i;i I Io w SLI bsii r f x e  acl u i fe I) \vert: 
typically less tliaii 500  y c i r s  t'or Lir;iiiiiiiii isotoiics. Coiiseqi.ieritly, tlic dosz ;IS ;I function of 
time typically had t ~ v o  ~ ~ i k s :  one ;it year 2000 (.the st;irt time 01' the sirnulatiori) and one at'ter 
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uranium reached the water well in the aquifer. At the 10% level (a 90% probability that tlie 
15 nirem dose limit will no/ be exceeded), tlie RSAL for 238U, including tlie sum-of-ratios 
calculation, was about 10 pCi 6-l with t h e  water pathway on and about 80 pCi g-' with the 
water pathway off. Doses were dominated by water dependent pathways for "'U RSALs that 
were <60 pCi g-' with the water pathway on. With the water pathway off, doses were driven 
by ground exposure and plant ingestion. 

RAC-2 (child of rancher) scenario: As with the randher scenario, soil action levels were 
calculated for two cases: one that considered a viable groundwater pathway, and the other 
that assumed all water was derived from offsite sources. Again, cliffcrences between the 
RSALs with the water pathway on and off were substantial. At the 10% level (a 90% 
probability that tlie 15 mrem dose limit will riot be exceeded) the RSAL for 23sU, including 
the sum-of-ratios calculation, with tlie water pathway on was about 10 pCi g-l md about 65 
pCi g-l with the water pathway off. With the water pathway on, doses were dominated by 
water-dependent pathways for 23'U RSALs that were <60 pCi g-I. With the water pathway 
off, doses were driven by ground exposure and p l m t  ingestion. 

TASK 6: SOIL SAMPLING PROTOCOL 

An important goal of the project W;IS to deve.lop recotnmcntlations for ;I soil sainpling. 
protocol for use at the RFETS to obtain soil concentr;ition data for comp;irison to the soil action 
levels. Sampling protocols arc written descriptions of thc detailed procedut~es to bc follo\vccl i n  
collecting, packaging, labeling, preserving, tratisportiiig, and clocumeiiting the samples. 
Attach men t C co t i  tai ns the so i I sa m p I i ng protocol reco mi iic ndat io 11 s , I-c vi t: w s ex i st i ng p roced LI  tcs 

and protocols for soil sampling, evaluates tlie quality ;issiir;ince pi-oced~ires I'or samplitig, and 
describes soil sampling protocols i n  detnil based 011 statistical iiictliods (Tliorne and Rood 1999). 

Sampling protocols are gencrally developed using clearly def'incd guidelines by the EPA m c l  
DOE. These guidelines incorporate [ l ie iterative data quality objcctive ~ m x e s s  and require DOE 
and its contractor to evaluate several important considerations. These considerations include 
evaluating sampling and analytical costs in  relation to available resources and accepting potential 

- -=.-. -.- decision errors thaj i n a y _ r e ~ l ~ l ~ ~ t i _ r e t ~ i e ~ ~ ~ i t ~ n ~ ~ , _ s i t e s  that arc judged contaminated when they ~c 
actua I I y be Io w the so i I ac t ion I c ve I s . Co t i  ve rse I y , ti e vc I o p i n g ;I sa ni 13 I i I i 5- I, 6t67o 1- GI SC- 

incorporate the concerns of the general public and othcr stakzholdcrs, which are represented by 
the RSALOP and the soil actioti level study. Bccausc of the conlplexity of developing sampling 
protocols, with the inherent need to balance the concerns of IIOE a n d  thc IXSALOP, developing ;I 

comprehensive sampling protocol was no( considercd possiblc. IXather, lZAC recommetided 
elements of ;I soil sampling protocol considered cssctitiiil to ensure t h a t  reprcseritative soil 
samples are collected for comparison to the soil xtion levels. These t-ecoiiinieticlatioiis were 
provided to tlie RSALOP for presentation to IIOE atid its coiitractoi-, Kaiser-I-Iill Company, for 
incorporation into tlie soil sampling protocol arid p!-oced~ires to be used for the soil action Ievcl 
process. 

RAC conducted ;I review of tlic current sanipliiig program L I S ~ C I  :it the iXITTS anct t'ounci tl iat  
a specific sampling protocol for the soil action le\.cIs sriidy had not beeit developed. Howcver, 
during this review, several procedures were idetitil'ied tha t  art:  avai1;ible it1 t i le Rocky llats 
program for incorporation into ;I sampling prorocol. Task 6 ;11so prescrited rccoinniciiclatiotis lOr ;I 
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soil sanipliiig protocol to support the final status survey. The final status survey determines the 
final condition of the site and is performed after decontaminatlori activities are coinpleted. On the 
other hand, recommendations for a sampling protocol i n  siippoi-t of remedial action were not 
developed for the Task 6 report. Soil sampling i n  support of relnedlal action is an important 
concept; however, a large number of soil samples have already been collected for use i n  
evaluating the nature and extent of contamination i n  the surface soil at the RFETS (see 
Attach men t C). 

RAC provided several rccommendations for developing a surface-soil sampling protocol for 
the final status survey. The following list siimmarizes some of the recornmendations (see 
Attachment C for the full list). RAC recommended the following: 

The data quality objective process should be used to develop tlie soil sampling protocol 
for the final status survey. 

DOE should appoint representatives from the RSALOP for inclusion on the data quality 
objective planning team. 
RAC’s technically derived RSAL viiliies from the soil action level probability curves 
should be used by the RSALOP for comparison to the soil concentration data. 
Profile sampling should be conducted i n  soil depth increments of 0-3 cm to be consistent 
with the resuspension iijodcl paraineters used to develop the soil action levels. 
Soil samples slioulcl not be composited; rather, individual soil samples sliould be 
ana I y zed for rad ion iic I ielc coli t ami 11 ants . 
The :irithmetic iiieiiit of the soil concentr;ition clata and its ussociated uncertainty ;it tlie 
iippcr 95% coril‘iclcnce iiiterval should be used for coinparison to the soil irctioti levels. 
T I I ~  iioii-i)~ir~iiiieti.ic statistical tes’ts, cat tect MAIZSSIivI, wtiicti were devetopect by t~ ie  
NRC i n  1997, slioulcl not be iisecl for tlie soil action level stiicly beca~ise these tests 
coiiilxtrc the nicclian \,slue of the sample distribution to the soil action levels. 
Iii situ gamnia spectroscopy nie;isiirement should be performed to identify potential hot 
spot locations. Hot spots identified by soil samples or in  situ gamm;i spectroscopy 
nieasiirciiieiits slioulcl b e  investigated f i i r the~  IO delineate tlie size of the hot spot and to 
de tc r n i i ne tlie i I p pe r 9 3 % con fide tic e i 11 te r vii I of t lie niea ii rad i on LIC I ide colic en t rat i on s 
coritained i n  tlic hot spot. 
DOE slio~ilcl iiiiplciiieiit i i i i  iiidepeiident verificaiioii survey tor the RSAL project. 

The priinary objective ot’ this project has been to revicw radioniIcIide soil action levels 
(IZSALs) adopted by tlie IIcp;ir-tiiient of Energy, the US. Environmental Protection Agency, and 
the Color~iclo Ikpxtnicnt of Health and Environment i n  I996 for cleanup at the Rocky Flats 
Environmental Techriology Site (DOEEPNCDPHE 1996). Another objective has been to 
recoiiiiiieiid ;I tec1inic:tl appmtc l i  for inclepeiiclently deriving liSALs for the sits. We itpplizd this 
approach to the 12ockg Flats cluta  iising the most restrictive exposure scenarios approvecl by the 
O\.er-siylit I’i1licl iiiid assuiiiing :I IO% probability t h a t  tlie 15 iiireiii per year- close l i i i i i t  will be 
escecded (i.e. ;I 90% probability tha t  tlie dose l i i i i i t  will be escecded). Usiiig this approxh, 
tlic tecliiiically der-ivetl RSAL 1.01 2j(’+2‘ol’~~ i n  soil ;it Rocky Flats would be 35 pCi g- . Tlii: 
calculatiori \ u s  corrobor;ttecl by ;i i i  alteriiati: iiietliocl calcu1;ition that also r-esul;ed i n  ; i n  RSAL at 
tlic 10% level 01’ :iboiit 37 pCi g ” .  suggesting 35 pCi g-’ ;is ;I tcclinically based M A L  I’or the 

I 
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Rocky Flats site. The results as presented ;ire ;I reasonable indication of RSAL niagnitudes based 
on purely scientific considerations if  the prescribed dose is not to be exceeded. 

The calculation of uranium RSALs was done somewhat differently than those for plutonium 
because of significant differences in the nature and extent of contamination and the mobility of 
uranium in  the subsurface. For each uranium scenario, consideration wis given to whether 
groundwater was a viable pathway. .A viable groundwater pathway assumed that the surficial 
aquifer underlying the site would provide enough water for liuni;in consumption and irrigation. 
The impacts of a probabilistic fire were also evaluated but inclusion of this process i n  our 
calculations made little difference i n  the resulting RSALs. Assuming the groundwater pathway 
was viable and a 10% probability that the dose l imit  will be exceeded, the technically clerived 
238U RSAL for the most restrictive scenario (the rancher child) w a s  I O  pCi g-I. 

We believe the general approaches and results presented i n  this report arc sound and we 
recommend their adoption. Data limitations impose iincertainties on cstimates of doses, and we 
have been careful to indicate these uncertainties i n  our analysis. The project's time and budget 
goals precluded a more in-depth investigation of several important areas of research that, i f  
addressed i n  the future, could strengthen this analysis. We have presented these recommendations 
for further research and recognize that they could change the current results somewhat and 
improve them as a basis for decision tnaking. 

Our methodology is based on several extensions of ; in carlier approach proposed by 
DOE/EPA/CDPHE ( I  996) that used the RESRAD~~~iiipitter program. The contract required that 
the work consider n~axiniuni annual close limits of 15 m c l  S 5  inreni i n  a n y  year over the next 1000 
years. We adopted the 15 mrem per year limit for ;L technically b~isecl RS:\L because i t  is 1110re 
pi-otectivc of the public and bccause our evaluation of risk Lissociatcd wi th  this close better 
corresponds to the target level ot' risk associated with Ittli:~-aI giiit1:iiice (e .2 .  C17,RCLA). Although 
we considered several computer codes t o  use ;is tlic basis 01' our :itl:ilysis, rlic RESRAD code was 
ndopted because i t  was the most practical choice a i d  hccuusc we were rccluirccl to Inake 
calculations with RESRAD i n  addition to a n y  other code that  Inay ha\e bee11 selected. Therefore, 
we clesigned extensions to RESRAD to include ( I )  coiisic1er;ition of the heterogeneity 01' 
r;tclionuclide concentrations i n  soil around the site, (2) qLt~ititi1'icatioti of the uncertainty i n  
predictions of dose, (3)  consiclt:ration 01' aclditionnl exposure scciixios, and (4) treatment OF the 

Other factors beyond the scope 01' this \vork sIic)iilcl bc coiisiderecl ill the selzction of cleiinup 
strategies for Rocky Flats. The soil action Ievcl t h a t  is applictl f o r  cleanup should be decicletl by 
federal and state authorities ancl  the community \\/orking togct1ii.r to iirri\,e ;it ;i cle;.inup level that 
provides long term protection of the public. I;*'igiii.e 6 shows probability cltt'vcs for the tliost 
restrictive scenarios. This figure broadly suniiii;irizes the results 01' 0111' ~ o r k .  Parties involved i n  
the clecision process might find thc t'igure uset'uI i n  their deliberations, keeping i n  mind the 

different exposure scenarios representd by ~Iie curves and tlic i1nccrt;iintics involved. 

~~ - .. ~ .~ -~~ .. ~~ 
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Figure 6. Coinposite graphic illustrnting the most restrictive scenarios and 
showing :I regioii centered at ;I soil action levcl of 35 pCi g- . Curvc A represents 
the ranclicr a i i d  assiiiiies that ;I f ire occiirs with ;I probability of I ;  curve I3 
represents the rancher scenario mid takcs into account the occiirrerice of ;i fire as 
a probabilistic cvent; c~ii-vc C rcpresents the child scenario and, like curve B, 
incorporates thc probability of  a fire. 

I 

There are sever:rI fziit~ii-es illustrated i i i  this figure that ;ire important to note. Curve A, 
defiiiecl by the rancher scenario and wit11 tlie probability o f  a fire equal to one, likely represents 
the iiiost conservative set of assumptions and hence the most restrictive radionuclide soil action 
level. We say "likely" hecause further research into the iinpacts of ;I prairie fire could show tha t  
\vz have underestim;ited the effects of the fire. Curve I3 represents the rancher and incorporates ;I 

stochastic model o f  ;i future. fire. \Villi our assumptioii of ;I 10% probability ofcsceeding the dose 
l i m i t ,  rtiis curve yiclcts ;I snit action level of about 35 pCi g-' (the exact v a ~ u e  is 33 pci g-'). 
Towarcl the lef't of the ciirve, the sl~ape anc l  slope are controlled primarily by inhalation and the 
probability of occiirrziicc ancl extent of ;I fire. However, ;is the soil concentration of - Pu 
iricrzases, tliz contr-ibutioii to dose I'rom ingestion becoiiies iiiorz prominent, and the slope is more 
iiiflcieiicetl by this p : i t l i w y .  Curve C is that of the raiiclier's child wi th  the stochastic fire model 
incliidzcl. This ciir-vc i s  qiiitz siiiiilar to t h i i t  of tliz rancticr with the stochastic fire model but the 
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curve indicates this scenario is not as protective as the rancher scenarios i n  the region of lower 
RSAL concentrations. At. higher RSAL concentrations however, this curve becomes inore 
protective than that of the rancher because the ingestion pathway becomes more influential. The 
steepness of the curve reflects less uncertainty i n  the calculation. The rancher scenario with the 
probabilistic fire is our basis for selecting an RSAL at the 10% probability level. 

To give a better visualization of our results, we have tinderlain Figure 6 with a spectrum that 
expands in both directions around 35 pCi 6-l which is about where the rancher and child of the 
rancher curves intersect the 10% probability level. Colors are darker near the center of the 
spectrum and lighter farther out. It is important to understand that curves A, B, and C are based 
on a sum-of-ratios calculation that incorporates the contribution to dose from other radionuclides 
present in the soil i n  addition to -- Pu. The graphic suggests a technically based RSAL of 
about 35 pCi g-' at the 10% probability level and a range of possible RSALs i n  both directions 
centered at this value. Although there is no quantitative basis for the boundaries of this range, i t  
is apparent that going too far in  either direction from the center of the spectrum can potentially 
be problematic for a variety of reasons. Radionuclide soil action levels that are significantly lower 
may cor respond to LI n rea I is t i c a I I y con se r vat i ve sce l iar i o descriptio i i  s, \v h i ch cou I d lead to 
significantly greater cleanup costs than can be justified. On the other hand, RSALs that are 
significantly larger lead to a high probability of exceeding tlie prescribed dose limit and could 
impact human health. lt is especially important to iinderstancl that tlie calculation based on the 
child scenario and inlluenced primarily by soil ingcstion is scientifically well supported. It is 
iinlikely to change greatly unless values for important paraiticters change, such ;IS the close 
conversion factors or the soil ingestion rate. Therefore, curve C effectively rcpresents iiii tipper 
bound for tlie RSAL. 11' the soil action level were too close to this ciirve, the probability o f  
exceeding the dose limit is greatly iiicreased. 

We also developed ;III aIteriiate iiicthocl for caIcuIitiiig accept;ibIe IcveIs of radionuclides i n  
soil. This methocl was based on c;ilculating annual doses to tlic receptor lor different remediution 
(i.e,, cleanup levels) levels. The remccliation level t h a t  rcsultecl i i i  ;I I(:)% probability that the I5 
inrem dose limit woulcl be exceeded clefinecl the RSAL. This nicthod niore explicitly addresses 
the heterogeneity of the site and nialies it  possible to estimate RSALs that correspond more 
directly to a remediation strategy than docs the siiin-of-ratios techiiicliir used with RESRAD. The 
approach is more cIiI'ficult to impleiiieiit and t1ierei'oi.e has not been fully automatecl i n  the 
analysis. However, because it  is o ixYip I i C i 
aiicl we inclucle its results i n  these coiiclusioiis. This altei.liatt: calculation resulted in  an RSAL at 

the 10% level of about 37 pCi g" Pu, sugsestiiig the V ~ I L I C  01' 35 pCi g- slio~lcl be 
stronSly considered ;IS ;I tccliiiically based RSAL for the I k k y  Flats site. 

the course of our work, \vc have identilied important research that should be completecl in orcler 
to strengthen our methodology. I n  addition, chaiiges i n  the design specifications or scenario 
ass 11 riipt i o 11 s on w Ii i c I I t h i s I net li ocl o I og y is based wo ti I cl c 11 ;I 11 gc the res u I t s acco rcl i ii g I y . T h is 
flesibility is cliiite important to keep i n  inincl tmxise ;I iiuiiiber of issues that could affect these 
results havc been raisccl during the course of OLII. \vorli. 

While 0111' niethoclology ant1 the resultiiig RSAL vul~ies ;ire scientificully clelensiblc :1l\cl arc 
based on sound science, /i,;\C believes that  neIe1itioti;il work coi~lcl rccluce soiiie o l  the uncertainties 
ancl refine tlie IZSALs. Thcrc were specific ;ireas where iiiore iiiform;.ition or iiiorc organizeel 
research aiicl scientific iiieluiiy woLiIcI have ~~llowccl us to iiiake better- es(irt1:ites ~ t '  pIr:tt11cters 01' 
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Our analysis is based on the best available dat:i and methocls t h a t  we could employ. During 
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to develop more well-defined methods in our approach. Foremost among these are data that 
quantify the impact of a prairie fire on the land now occupied by the Rocky Flats site and the data 
from the Actinide Migration Evaluation studies. Other important areas include: 

effect of prairie fires on the resuspension of material 
time sequence of revegetation following a natural event like a fire 
more realism in the resuspension model for RESRAD 
dcveloping a methodology to estimate the  effects of combined exposure to both the 
uranium hotspots and the widespread plutonium contamination at Rocky Flats 
construction of a computer-iinplernented model of the Rocky Flats to permit flexibility in  
analyzing different radionuclides, sources, and pathways 
groundwater transport properties at Rocky Flats 
new discoveries about site-specific distribution coefficients 
potential for accumulation of actinides on offsite lands and water resources 
protection from violation of the Rocky Flats Cleanup Agreement (RFCA) surface water 
standards for plutonium 

A sound technical foundation and credible scientific methodology are the most important 
elements in  setting soil action levels for Rocky Flats site. However, the final decision on setting 
the RSALs ultimately lies in the hands of the stakeholders, DOE, and other State and federal 
authorities. There are other criteria that influence the decision-making process for the Rocky Flats 
site, such as tlie cost of cleanup, protection of ecological resources, and community values. The 
approacli to cleanup that is ultimately implemented by the DOE at the RFETS will involve many 
politicul, social, economic, and moral decisions. It is imperative that a11 involved i n  the decision 
process rccognizc these !.actors ind the integration of ideas that must go into makiiig a decision of 
t h is type. 

RAC’s task \viis to evaluate the RSALs adopted for Rocky Flats i n  1996, to develop a 
methodology for independently cletermining RSALs, and to calculate RSALs for Rocky Flats by 
applying this metliodology. We conclude that applying our method to the exposure scenarios 
approved by the Oversight Panel, using 15 mrem y-I as a dose limit ,  and assuming a probability 
level 01,’ 10%~ indicates ;I technically based RSAL for - Pu i n  soil at Rocky Flats of 35 pCi g-’. 
For Lir;iiiiuni, ;I tcchnically derived M A L  iisiiig our methodology and assumptions would be I O  
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